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HE FIRST REPORT OF THE NATIONAL 
Council for Technological Awards, under the 
* chairmanship of Lord Hives, has recently been 
issued ; it covers the period from December 1955 
to July 1957. The work of this new Council and the 
diploma it awards are of particular interest to electrical 
engineers, since the Council of The Institution hope that 
all those who receive a diploma after following a course in 
eectrical engineering will also obtain complete exemption 
from the educational requirements of The Institution. The 
award for engineers will be known as “The Diploma in 
Technology (Engineering)’, or ‘Dip.Tech.(Eng.)’. 
The maintenance of appropriate standards for the 
Council’s awards is now the function of two separate 
Boards of Studies, one of which is concerned with 
engineering studies. The Institution is strongly repre- 
sented on that Board, and on the Subject Panel which is 
concerned with electrical engineering. Members will, 
doubtless, recall a number of references made in the 
Journal a few years ago to the discussions between 
representatives of the three major engineering Institu- 
tions and the National Advisory Council on Education 
for Industry and Commerce, as a result of which certain 
of the three Institutions’ suggestions were adopted. 

At that time some members were doubtful about the 
possibility of maintaining an adequate standard in the 
new diploma, and, also, whether there would be a 
substantial demand for it. One of the critical features 
Which will determine the success, or otherwise, of the 
new award is the limitation of approval of courses to 
those colleges where adequate facilities and highly 
qualified staff are available. 

It is evident from the first report of the Hives Council 
that much time is being spent and much trouble taken 
by the members of the Boards of Studies, and Subject 
Panels, to examine in detail college facilities, staff, and 
particulars of each course itself. During the period under 
review eight courses in electrical engineering were 
tecognized at seven colleges, and five courses were 
rejected. It is particularly interesting to note that, of the 
tight courses accepted, seven are of the six-month 
sandwich type. It is to be hoped that industry will be 
prepared to release more men for this type of course, so 
that the numbers of students attempting to satisfy the 
membership requirements of The Institution through the 
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medium of part-time day release and National Certifi- 
cates may be drastically reduced. 

It is encouraging to learn from the report that high 
standards of entry qualifications are being maintained, 
for the importance of this point was stressed by The 
Institution’s representatives during the early dis- 
cussions. 

In commenting on buildings, the report draws attention 
to many deficiencies, even at those colleges which have 
been accepted, and expresses the hope that these will be 
rectified during the next few years. Some leniency in 
these particular requirements is obviously necessary 
initially, and the Hives Council’s approach to this 
problem seems to be realistic. 

In a foreword to the report, Lord Hives states that the 
number of students studying for the new award is 965, 
but the report does not indicate how many of these are 
studying electrical engineering. But it is fairly evident 
that the impact of the new award on electrical engi- 
neering education has so far been relatively small; it is 
very much to be hoped that in due course larger numbers 
will enter these courses. 

The Hives Council are already setting up a special 
committee to make recommendations concerning post- 
graduate awards; but it seems premature to give serious 
consideration to such a development before the first 
diploma at graduate level has been awarded. The need 
for such awards is not yet clear; presumably they would 
connote some additional specialist study within the scope 
of the technology concerned, and by attracting men 
with university degrees would assist in supporting the high 
standard and good name of the Dip.Tech.(Eng.). 

One of the appendices to the report gives details of the 
proposed examination arrangements. These would seem 
to suggest that extreme caution is being exercised in the 
provision of communication between the Council and 
the external examiners. It is very difficult to envisage how 
adequate standards are to be maintained, particularly in 
the first formative years, if the external examiners have no 
very clear idea of the Council’s requirements. This is a 
point that would warrant further consideration. 

On the whole, the Hives Council are to be congratu- 
lated on the excellent way in which they have begun, and 
all members of The Institution will wish them well in 
their further endeavours. 
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This Lecture was delivered at The Institution of Civil Engineers on the 17th December 195Iengine 


involved in presenting the Graham Clark Lecture, 

particularly as I am the first engineer to do so. These 
feelings are enhanced because I had the privilege of 
knowing Graham Clark personally, and because I greatly 
admired his humanism and breadth of vision. I share his 
belief that it is no less important to study people, and to 
organize them effectively for co-operative endeavour, 
than it is to study the material factors which affect the 
life of mankind, and in which engineering science plays 
such a vital part. It is on the subject of the interrelation 
of the technical and human problems of modern life that 
I wish to talk to-day. 

Like my precursors, I have elected to deal with a very 
wide theme, but, I fear, without their clarity of mind or 
of expression. Before talking about engineers in particu- 
lar, I should like to say something about the problems 
we face, about management in general, and about the 
form of education and training conducive to a high level 
of managerial ability. If I over-simplify or lose my way 
in attempting to follow by-ways of thought, I can only 
ask for your indulgence. My hope is that I may in some 
respects, at least, provoke controversy, for any con- 
structive conflict of ideas may help us on the road of 
progress. 


[« very conscious of the honour and responsibility 


The Crucial Problem of Society 


Man in his struggle to live has always sought to 
control the physical conditions of his environment. At 
the same time he has had to contend with problems 
arising from his social and organizational relationships, 
and as a result of his innate urge for self-expression and 
love of power. 

The advance of science and its practical application 
through engineering and chemical technology has now 
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more : 
mana 


shown that mankind has the potential ability to achi ind ? 
any standard of material well-being that may be desired ptaliti 
But any effective movement towards such a state mugpereate 
be subject to one overriding condition: that somp?¥!Po 
effective limit must be set to the growth of population" 
having regard to the availability of natural resourcap’*° 
and of space on this small planet. This is underlined hp" ®!S 
the fact that since 1900 it is estimated that world populf°™ 
tion has risen from some 1600 million to no less thapadust 
2700 million. hole 
When we turn to the problems of human organizationg“"~ 
we find that no solution of the difficulties and complexities 
is yet in sight; rather, they are tending to increase, owin 
in large measure to the very factors which are improving If tt 
our material state. All mankind is becoming aware gffof adv 
the differences of wealth between race and race, andg?y 
between class and class, and all now seek a quick improvef" '8 P 
ment in their own conditions of life. This attitude hay The 
been fostered by the rapid technical advance in methoé uncha 
of communication—physically by the automobile anig™4sv 
aeroplane; orally by the radio; and visually through thef"4lys 
cinema and television. In addition to this ferment of*sult 
ideas, we now have to cope with all the implications and t 
nuclear energy for purposes of peace or annihilating warg**¥4n 
All these developments have occurred in their entirely : 
during my lifetime—to me, at least, a very short period§@%0 
It appears that materialistic ideas have spread, wh ” 
ethics seem to have declined in inverse ratio; increasimg™* ¢ 
emphasis is put on rights and less on duties. In a worl laws 


ome 


where power is still the final arbiter, dictatorship, masg™®! ' 
strikes, or the inter-continental atomic missile, posg?™®*! 
dangers and difficulties of control far beyond those df*™ F 
former ages. rein 
However much we or our successors may sigh for tht te . 
relative simplicities of bygone years, it is idle to this mee ~~ 
that the march of science can be restrained in a highh)“"° * 
FEBR 
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ompetitive and questing world. All the indications are 
hat the rate of technical progress will further accelerate 
time goes on. The front available for development 
R ; sows automatically as the boundaries of research extend 
Mn every direction and the additional area of knowledge, 
hus uncovered, must increase as the square of the linear 
ndvance. It is a frightening thought, but it must be faced, 
hat this will make industrial, economic and political 
management ever more complex and difficult as the 

years go by. 

All this can be summed up by saying that technical 
progress during the last two centuries, and particularly 
during the past fifty years, has been much faster than the 
ate of advance in our ability to manage our affairs 
flectively, either in industry or in society at large. It is 
sasy to blame our industrial and political managers, 
hether past or present, for this state of affairs, but we 
cannot shrug off our own responsibility in this way. Our 
ndustrial civilization has mainly arisen as a result of the 
nvention and work of engineers: have not we, then, as 
195) ngineers and scientists, a special responsibility to play a 
more active part in attempting to solve the problems of 
management and organization that now confront man- 
achiewikind ? The need is to bring the material and psychological 
jesire(ptalities of life into better harmony, and to secure 
e muygreater mutual understanding and closer unity of 
+ gomeppurpose. We have to organize the extension of collective 
ilationf@tion, but with full regard to the need for individual 
ourcapiteedom. As I see it, this is the crucial problem of society. 
ned bptexists to a greater or lesser extent in every organization, 
ropukpiom the small unit of business up the scale to large 
3s thapadustries, to the nation, and indeed to the world as a 
hole. It is the problem of management in the widest 
sense. 
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zation, 
lexities ae . 
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roving Ifthe broad conclusion is accepted that the furious rate 
vare off advance in science and technology is not being matched 
e, anigoy equal progress in our ability to control and to manage, 
provegit is proper to seek reasons for this lack of balance. 

de hat The physical sciences are based on the factual and 
ethod#unchanging laws of nature. They lend themselves to 
le angmeasurement and to the logical methods of scientific 
zh th analysis, unaffected by human emotions. The proven 
ent ofsults of research in this sphere can be precisely recorded 
‘ons ond thus provide a firm base for further indefinite 
1g, wal. advance by succeeding generations. 

nti The sociological and managerial problems of mankind 
eriods@tnot be approached in the same way. They are 
whikh devilled by emotion and the historical prejudice of 
-easinp ace and class, nor are they subject to precise ‘natural 
-“worlt/@ws’ which can be exactly determined. But this does 
maselot rule out the possible existence of fundamental 
” post Ptinciples on which logical and effective rules of conduct 
oan and procedure might be developed. Indeed, I am con- 
vinced that such principles are there for the finding, but 
‘or tht the fact that we can only grope for them in an empiric 
nigtt Manner enhances the need for objective examination 


highi and analysis. 
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As a design engineer, I formed the belief that three 
such principles were those of simplicity, symmetry (or 
balance), and continuity; I at least have found it helpful 
to consider their import in all problems of basic design. 
As a manager, I have subsequently been forced to the 
conclusion that these ideas are also applicable to organi- 
zational structure, and to the general concepts of 
management. We must remember, however, that in 
human affairs, as in nature itself, there is no static state, 
though there should still be continuity—that combina- 
tion of continuity with change which we call evolution. 
It is on the positive rate of change which we achieve that 
we should judge ourselves, and be judged by others— 
for efficiency and progress can be measured only in 
relative terms. But again this should not imply that 
absolutes do not exist. In the material world we have 
examples in the velocity of light and in the absolute zero 
of temperature, which has now in effect been reached. 
In non-material things, it can scarcely be an accident 
that throughout the ages the leaders of thought in religion 
and philosophy have had similar ideas. Because man is 
part of the cosmos, it is surely reasonable to expect that 
truth—could we but discern it—will not have different 
rules, or a different face, for the material and the non- 
material sides of life. 

Let me quote a few examples which support the view 
that the three principles I have mentioned have a basis 
of reality and when followed lead to good results. In the 
past such solutions have often been reached by trial and 
error, but progress would be quicker and more certain 
if we consciously sought to use them when analysing 
our problems. 

In engineering, an obvious case is the basic simplicity, 
symmetry and continuity of rotary motion in comparison 
with reciprocating action. Similarly, the advantages of 
symmetry are brought out by a technical comparison of 
the high speed, vertical, A-frame reciprocating prime 
mover or compressor relative to the horizontal type of 
machine. In general, the advantages of the continuous 
process, relative to batch working, apply in every 
industry, and not least in chemical and petroleum pro- 
duction. It is well known that discontinuities in form 
have bad effects in raising stress, but this is all too often 
overlooked because the background principles are 
neglected or untaught. As an example of the aesthetic 
violation of symmetry and continuity, I would point to 
the skyline of some of the new buildings in London, 
which certainly affront the normal eye. Conversely, 
many modern designs of buildings, of monolithic con- 
crete dams, of aircraft, and of many types of equipment, 
illustrate the beauty, utility and efficiency which can 
result when these principles are applied with imagination 
and integrity. 

In management, it is a matter of experience that a good 
organizational structure is usually one which is simple 
in form, balanced in its proportions, and clear in its 
lines of responsibility. Where, for instance, a senior 
has only one, or conversely very many, immediate 
subordinates, the result is likely to be bad. Then again, 
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in large organizations difficulties will arise unless 
functional services are symmetrically related to the 
operating sections which they serve in common. The 
importance of continuity in the succession of good senior 
executives is now generally recognized, but how many 
organizations have suffered, or even died, because this 
principle was neglected till it was too late. 

In the political field, an able dictator may for a time 
produce good results, but because under such a system 
there can be no continuity, and because there are no 
proper ‘checks and balances’, sooner rather than later, evil 
will result. That is not to infer that political and industrial 
democracy, as we know it to-day, is the ideal or only 
alternative. This system may be the best which mankind 
has yet evolved, but it has still to prove itself able to 
solve many of the problems of industry or of national 
and international government. In this connection, the 
principles which I have been discussing do not include 
uniformity. That seems to me to be a false ideal of those 
who misunderstand true democracy. It brings no real 
and lasting satisfaction either to the individual or to the 
mass of mankind, and in material things it leads to 
neither beauty nor efficiency. Similarly, in social affairs, 
egalitarianism and uniformity by their very nature 
must tend to halt, rather than encourage, progress. 

In the past, management has been regarded almost 
wholly as an art, and it is still often said that ‘the good 
manager is born, not made’. But this is surely one of 
those half-truths which can be as misleading as a down- 
right lie. There is now strong evidence that there are 
detailed techniques of good management which can be 
tested, defined and, therefore, taught. Management has 
many similarities to medicine and needs to be treated as 
a science, just as medicine has been scientifically developed 
for a century or more. Nevertheless, each must always, 
in part, remain an art, the standard of which will depend 
on the individual quality and experience of the prac- 
titioners. The fact that medical science is incomplete 
does not put a premium on witch-doctors or make us 
think that physicians should learn their job only by 
observing the day-to-day practice of their seniors, as 
once they did. This is still the way in which most 
managers learn their job! 

The need is for more research, better analysis and, 
above all, for better teaching in connection with manage- 
ment subjects. Although I believe that formal teaching 
can help to make better managers, I certainly do not 
mean to imply that good managers—any more than 
good doctors—can be made in the classroom. Teaching 
and experience need to go hand in hand. 

In comparison with the rate at which knowledge is 
accumulating, the capacity of the human mind and the 
span of human life are virtually fixed. Thus, specialization 
becomes essential, not only between one type of activity 
and another, but often within the different sectors of 
the same field. Nevertheless, this should not mean that 
everyone must be educated and trained as a specialist 
from the age of 14 or 15 onwards; unfortunately, the 
whole social and educational system has been moving 
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rapidly in this direction. There is a real danger { 
specialization and research may be regarded as ¢ 
rather than as aids in achieving an integrated reg 
It does not seem to be widely appreciated that the y 
growth of complexity and specialization creates 
increasing need to train with great care those who 
have the responsibility of co-ordinating the work oft 
specialists. This is important within the fields of sciey 
and technology, but it is even more vital that top mana 
ment in industry and in the governmental machine show 
have the background of knowledge and experience 
ensure that the technical and humanistic sides 
handled in a balanced and integrated way. Integy 
should, in fact, be added as a fourth basic princip 
which, like the others, is applicable to technical a 
humanistic problems alike. Its twin meanings 
‘wholeness’ and ‘fundamental honesty’ are both app 
priate to my general theme. 

The function of the specialist should be to help, noty 
control. Equally, general (or line) management cannot 
its own job effectively unless it has a good understandi 
of the work of the specialists and uses them proper 
It is not difficult to think of cases where line manageme 
has tended to abdicate its proper responsibilities 
experts, or specialists, with very detrimental results. 

In this connection, it may be pertinent to differenti 
between the ‘expert’ and the ‘specialist’. In my view, f 
former is a man wedded to one line of country andy 
knows the answers—or thinks he does! The latter iso 
who is concentrating for the time being on a particu 
subject and is still in the conscious process of learning 
he is willing to give reasons, or to admit ignorance, 
occasion demands. For many, specialization once starte 
may continue through life, but this need not involve th 
rigidity of mind that all too often goes with expertise, 

It is a matter of common observation that progress 
any problem is most likely to be achieved from attackb 
the specialist working in conjunction with one who ki 
a trained and critical mind, but no detailed knowled 
of the subject. If neither is allowed to dominate the othe 
there will be mutual stimulation, and extremes of eith 


a conservative or an impractical nature will be avoideg., 
Here is another typical example of the application @,, 


the principle of symmetry and balance. 


Selection and Training for Management 


It is a truism that both mental quality and perso 
characteristics can be improved and developed 
appropriate education, training and experience. Neve 
less, we sometimes forget that this applies not only dum 
the years of childhood and adolescence, but up to 
time when the will to learn and flexibility of mind 
lost. For each individual, this critical age depends! 
part on his personal make-up, but can be gr 
influenced by the way in which he has been edu 
and developed during the preceding years. 

Men are not equal in their innate mental capacity 
in their personalities, nor do they have the same na 
interests. There is no such being as the average 
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ven if the economists and politicians assume the 
existence of such an abstraction, we, as managers, must 
ember that we are dealing with persons of infinite 
ariety. If each individual is to be developed to his 
potential limit, he must be studied carefully at every 
stage, and then be given the treatment which is likely 
‘k of tiko be most appropriate. 
f scien We must also encourage each man to examine himself, 
MaNagsyt as a necessity of corporate existence make it clear 
‘¢ shol&hat judgment must rest with others. It is vital that 
TENCE his judgment should not only be thorough and objective, 
ides aut that it should be made in such a way that it is 
Integr ncknowledged to be so. To this end, regular, multiple 
riNCipidand independent assessments are of the greatest value 
ical ai) man and management alike. Such considerations 
NS @nderline the narrowness and shortcomings of the way 
1 apptifn which we normally handle people. 

Some people by nature or environment, or both, tend 
P, NOt, have their main interest in specialization. At the other 
ANNOUGnd of the scale are those who get bored if they stay too 
Standil§ong on one type of work, and prefer to take a wide view 
TOpetii fife and have a variety of experience. Such men are 
AgeMe ore often interested in people than in things; they are 
lities #r the co-ordinator and manager rather than the 
ults. specialist type. Between these two extremes are the large 
creniumbers with a mixture of interests and abilities in 
/leW, Wccord with the law of Gaussian distribution. There are 
and ™Some who could become supremely good throughout the 
er 180Mange, but few who have both the ability and the 
articilfonortunity to do so. 
Carmi In order to sort out, develop and use individuals to 
ance, Gre best effect, it is important as a start to give them 
~ Slam variety of experience as quickly as possible. This will 
olve “Poable the man himself, and his leaders, to learn in which 
ertise. Kirection his chief interest and abilities are likely to lie. 
8res$ hose who then proceed to permanent specialization 
tack! will have been given a valuable insight into other types 
who li work to which their future activities may well be 
owled omplementary. For those who are ultimately to under- 
1¢ OWNake wider managerial duties, this background of 
of “Pxperience will be of the utmost value. Training has 
tvortPeen defined as ‘learning by doing’. This applies to 
atloae anagerial functions as to other things, and especially 
0 developing the personal qualities of leadership and 
ecision. It is rightly said that ‘responsibility is taken, 
ot given’, but how often it is withheld, especially from 
he young. 
In the long term, the health and progress of any 
“Ptganization, be it big or small, depends primarily on 
¢ quality of its leaders. It should, therefore, be a main 
ponsibility of top management to pick its own 
tential successors and to train and test them with the 
most care, from the early years of service. The conscious 
im should be to place each new generation in the best 
sition to benefit from the accumulated knowledge and 
Xperience of its forerunners. As time goes on, this will 
uire the period of formal education to be lengthened, 
td call for increased attention to the methods and 
pe of subsequent training and development. 
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lt may be argued that things do in fact work reasonably 
well under present arrangements; that exceptional men 
can manage without a broad background of experience, 
and that to-day it is impossible to train people in every 
facet of knowledge that may be desirable. Nevertheless, 
the vast differences to be observed in technical efficiency, 
and in human relations, between companies, industries 
and nations, are clear evidence of the scope that exists 
for further advance. It is also apparent that those 
organizations which are already in the lead usually con- 
tinue to make the most rapid progress. 


Science, The Humanities and Education 


It is encouraging that discussion has recently begun 
on the general content of educational courses. In particu- 
lar, the dangers of early and one-sided specialization in 
the schools, and the dichotomy between the sciences and 
the humanities—both in school and at the universities— 
are being called in question. Both these related aspects 
do indeed need urgent examination, if we are to produce 
managers able to deal effectively with the problems we 
now face, and the yet more complex ones of the future. 

From the point of view of improving management 
generally, the split between the humanities and the 
scientific disciplines is probably the more important and 
certainly the more difficult to remedy in view of our 
conservative attitude to education. It would be well if 
humanist and scientist alike would remember with 
humility that Leonardo da Vinci was outstanding, not 
only as an artist but also for his researches in anatomy 
and for his work as an engineer; that Newton wrote his 
Principia in Latin, and that the Greek philosophers 
were concerned no less with science than with ethics. 
It is now becoming plain that there is a desperate need 
to recreate a similar breadth of approach. It should not 
be a question of science or the humanities, but of how 
they can be reunited in everyone who claims to be 
reasonably educated. Blame for present conditions must 
not be imputed only to educationists, but to the whole 
community. Industry itself has been slow to appreciate 
its own dependence on higher education, and I have 
already pointed out that its methods of training and 
handling people often leave much to be desired. 

Most engineers like, where possible, to visualize ideas 
in concrete form and to be clear about terminology. 
With this in mind, I venture to suggest that the broad 
relationship of the arts, the humanities, science and 
technology can be shown in diagrammatic form (see page 
72). For this purpose the four terms are taken to have 
the meanings given below the diagram. 

This diagram should be regarded as consisting of the 
arts and sciences as a base on which the humanities and 
technology are superimposed. It brings out clearly that 
the arts and sciences meet, but that the humanities and 
technology overlap each other and, at the same time, 
both the other disciplines. The use of rectangles and 
circles is symbolic. Art is entirely subjective and is a 
matter of opinion, while science is completely objective 
in its nature; on the other hand, the humanities and 
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humanities 








The arts Science 

















bg Technology 


The arts concern the application and appreciation of skill 
directed to the gratification of taste and the production of what is 
considered beautiful. 

The humanities cover the study of human nature and affairs, and 
the evolution of moral values. 

Science deals with the discovery and correlation of knowledge 
relative to the unchanging laws of nature. 

Technology involves the application of knowledge derived from 
science to the use and service of man. 





technology each involve both the objective and subjective 
approach. A position on the extreme right or left of the 
diagram implies complete specialization; conversely, a 
point on the overlapping central portion represents a 
combination of two or more of these four broad aspects 
of human knowledge and endeavour. Leonardo himself 
would, I submit, be a pre-eminent example of a man 
standing at the very centre of the diagram, trained and 
able to operate successfully in any direction. Similarly 
it is possible to place the musician, the doctor, the 
architect, the industrial manager, or, in fact, any 
professional man in his appropriate position. 

While I was struggling to express these thoughts, my 
attention was drawn to the 1957 May Lecture of the 
Institute of Metals, given by Sir Eric Ashby on ‘Humani- 
ties for the Technologist’, where he puts forward very 
similar ideas. I should like to quote much of his paper, 
but one extract must suffice: 

Even members of the House of Lords find themselves called upon 
tomake decisions about radioactive fall-out, about overheating during 
supersonic flight or the strontium content of bones. Dare I suggest 
that, in order to be a gentleman nowadays, one has to be something 
of a technologist ? 

But technology alone will not make a modern gentleman. It is 
nothing new to suggest that technologists should know something 
of the humanities. I want to go farther; I want to suggest that 
certain of the humanities are an integral part of technology. 
‘Technological humanism’ is not just a rhetorical phrase; it has 
genuine content. 

For technology is inseparable from men and communities. In 
this respect, technology differs from pure science. It is the essence 
of the scientific method that the human element must be eliminated. 
Contrary to the assumptions of some people, science does not 
dispense with values; but it does eliminate the variability of human 
response to values. It concerns itself only with phenomena upon 
which all qualified observers agree. It describes, measures and 
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classifies in such a way that variation due to human judgmphiea o1 
is eliminated. : 
: - ee . ers 
Unlike science, technology concerns the application of scieng 


the needs of man and society. Therefore, technology is insepar ttitud 
from humanism. The technologist is up to his neck in hymgo0d ¢ 
problems whether he likes it or not. lative 


If we accept the need for a broader approach 4 04! 
education, I am certain that the main change has to tag ™" 
place in the schools rather than in the universities, ype 
the latter hold the key to this change in their scholarshg® '° 
and entrance examinations, and in the length of coun ill m 
up to a first degree. pf the 

There is a growing body of opinion that such a schog" his 1 
curriculum should centre round both history and classig ad by 
physics. Each is essentially a dynamic subject which cg !t 1s 
be made of absorbing interest to most teen-age pupil pqualit 
it is well taught. By good teaching, I mean that whig? °h@ 
seeks to impart a clear general understanding of the sy louris! 


ject as a whole, while bringing in detailed knowled phat 
primarily for purposes of illustration and for training oward 
method. Each of these central disciplines must be sug" 4 
ported—history by language as necessary for communicg” the 
tion, and physics by mathematics as an essential toolf of to-n 
all scientific work. Such a curriculum would put an eg!tons 
to the curse of early and undue specialization at scho 4 on 

ittle o 


It would also have the advantage that adolescents wo 





no longer be forced to choose a career at an age whent hich « 
majority are ill-equipped to do so. fhould 
University education must, of course, be based @"8!9S 


specific disciplines, but up to first-degree level, cou 
should still be kept reasonably broad. Those who ne En 
advanced learning in a subject should surely acqui§ Sit | 
during the post-graduate stage, and during their subspuggest 
quent careers. In any event, it is a mistake to think tords, 
three years is still an adequate period for a full universig¢sourc 
course in scientific and technological subjects. Of all this de 
great nations, this country is almost unique in its fail he law: 
to make the changes in this respect which modep'So req 
conditions demand. Most 
In every field, factual knowledge is now accumulati ience, 
so fast that we should cease to regard the human mig’ords, 
as the proper or main repository for it. The need is hings t 
spend far more time during the whole period of educatigimes, a 
in teaching how to use knowledge, and where to obismeanins 
it in codified form, when it is required for work in lay Owr 
life. In academic work it is all too easy to study pepttentio: 
ticular trees to the point where there is no vision of @ any | 
wood as a whole, and still less of its relation to the wig? offic 
landscape in which it is set. We must beware of putigp'ganize 
knowledge on the pedestal that should be reserved First, 
understanding. na dyn 
Let me add a word about the movement to incli'tuatior 
humanistic studies in the university curricula for scienti@PPtopr 
and technologists. If this is intended to correct the emg’ Oper 
of over-specialization at school, it is obviously tack Then, 
the problem in the wrong way. If it is part of an integrage* Must 
plan to turn out balanced individuals of flexible tg! factc 
who have wide understanding, rather than specialigptater c 
knowledge, there is much in its favour as providing @™st iny 
tributary of the whole stream of education. This is@“tshal 
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mijea on Which Keele has been founded and is a welcome 
_ . fwversion to much that was good in the old Scottish 
SCIENGE tude to education. Above all, let us remember that 
in hyggood education depends primarily on good teachers and 
atively little on buildings and equipment. 

} Inall this I am speaking principally of those who have 
une innate ability to benefit from an advanced secondary 
ducation, in effect those who thereafter go, or should 
0, to college or university. These are the people who 
ill mostly enter the professions and be the managers 
bf the future, and who are discussed by Mr. Peterson 
nhis recent admirable book on ‘Educating our Rulers’, 
«pnd by Jose y Ortega in his ‘Mission of the Universities’. 
It is agreed on all sides that education should aim at 
quality of opportunity, but selection must have regard 
-40 character as well as to brains. Democracy will not 
,#ourish if education caters only, or even primarily, for 
Ishat has been called the ‘mass of mediocrity’. Progress 
aining' wards true freedom, including the elimination of both 

want and fear, requires that special attention be paid 


ol 0 the élite who will be the top managers and leaders 

















the s 
10 wled 


‘tool ff to-morrow. But they must be educated for the con- 
t an espitions they will have to face. It is a grave disservice to 


t schog® Community that half of these people should have 
ts wouffittle or no knowledge of the principles of science on 
vhen @ttich our civilization now rests, and that the other half 
thould have scarcely any conception of the cultural 
ased @rgins and historical development of that civilization. 
al z The Engineer as Manager 
cquir} Sir Harold Hartley, in the first of these Lectures, 
ir subpuggested, in a slight modification of Thomas Tredgold’s 
ink hrords, that ‘engineering is the art of directing the 
niversgesources of nature to the use and convenience of man’. 
fall his demands that we, as engineers, understand and apply 
s failupie laws of nature, but if rapid progress is to be made, it 
modep!so requires the highest standard of management. 

Most people are clear as to what is meant by physical 
nulatigcience, but the term ‘management’ is one of those vague 
an mig’ords, like democracy, which can mean very different 
ed is@hings to different people. I have already used it many 
jucati@imes, and it may therefore be helpful to make plain the 
> obtlmeaning it is intended to bear in this paper, by giving 
in kiMy Own definition. This is general in form, but draws 
idy p@ttention to four important aspects which are inherent 
n of #2 any managerial function. It is equally applicable to 
ne wile Office of Prime Minister, the head of an industrial 
' puti ganization, a trade union leader, or a foreman. 
rved @ First, the manager must be ready to organize and plan 
na dynamic manner, after analysing all the facts of the 
inci'tuation with which he is faced. Next, he must make the 
cienti@PPropriate decisions and exercise executive control over 
he ee Operations for which he is responsible. 
tacki@ Then, because every manager is concerned with people 
tegra* Must have regard always to the human and psychologi- 
sle te! factors, which are of such major importance. To a 
cialm'cater or lesser degree the human aspect of management 
ing @eust involve leadership, that vital quality which Field- 
s is#"4rshal Slim has described as the ability to get people 
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to do what you want, first by personal example, secondly 
by explanation and persuasion, and only in the last 
resort by pressure or the compulsion of sanctions. 

Lastly, but by no means of least importance, is the 
need for the manager to have a clear idea of purpose, 
and to state the objectives in terms which his subordinates 
can fully understand. As external conditions change, he 
must always be ready to re-examine his own aims and 
methods. Because progress in the techniques of science 
and of management is unceasing, the manager has the 
opportunity to effect continuous improvement. Such a 
dynamic attitude is a necessity for good management, 
but it needs to be inculcated in the young to a far greater 
extent than is now the case. 

My definition attempts to embody these thoughts by 
saying that management involves ‘the organization and 
control of human activity directed to specific ends’. 

If we turn now from management in general to 
engineers as managers, it would appear that the basic 
training and subsequent experience which are normal for 
the professional engineer should be pre-eminently suited 
to the development of good managerial qualities. Every 
engineering activity has a clear and immediate purpose, 
the achievement of which demands planning, decision 
and control. The engineer is brought up on the idea of 
change and progress. He has to carry responsibility for 
his work and results more directly than in almost any 
other profession; his mistakes are there for all to see, and 
he has either to correct them or live with them—a most 
salutary fact. Engineering, too, always depends on 
co-operative action with other people. The engineer is 
exceptional also in having the opportunity to see manage- 
ment from the under side, and to gain experience of 
rank-and-file reactions during his period of practical 
training. Thus the professional engineer should be well- 
equipped to undertake wide managerial responsibilities. 
It is beyond question that he normally does so with 
success in his own field. . 

Nevertheless, in spite of these inherent advantages, we 
must admit, if we are honest with ourselves, that in this 
country at least, engineers, relative to the contribution 
which they should be able to make, are not numerically 
outstanding in the field of senior management in either 
industry or government. Attention was drawn to this 
position by Mr. Bosworth Monck in his paper on ‘The 
Status of the Engineer in Management’, read before the 
British Association in 1954. He showed that even in the 
engineering industry proper, 40% of companies had 
boards with no technically qualified member, and that 
of all directors of engineering companies, less than 22% 
had technical qualifications, and of these only three- 
quarters were engineers. In the field of general industry, 
including services such as transport, and in spite of our 
growing dependence on mechanization and engineering 
in some form or other, the position is, of course, far 
worse. If we look still wider—at Parliament as the 
national level of management—we find that it is rare to 
have even one qualified engineer in a ministerial post. 

If all were well with the national economy, the ordinary 
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citizen would be justified in believing that present 
management was satisfactory, from whatever disciplines 
it may be drawn. But who, taking an objective view, can 
feel that as a nation we are to-day as strong as we might 
be in a material sense, or that we are happy in our spirit? 
The engineer, by virtue of his professional knowledge 
and his potential aptitude for management, should have 
a major contribution to make in solving both the tech- 
nical and the psychological problems which we now face. 

What, then, are the reasons which now tend to prevent 
engineers taking a greater part in general management, 
as they do in some other industrial countries? Why is 
there this anomaly in a country which led the Industrial 
Revolution and which, more than any other nation in the 
world to-day, is dependent for its very existence on 
technology and on a scientific attitude in management? 

In my view, the main reason lies in our present acute 
shortage of engineers and other technologists, which 
tends to confine them to their own specialist work. If 
more of them had been available, and if a greater 
proportion had been encouraged to undertake general 
duties, they would play a wider role in top management 
in both industry and government. Because of their 
background there would then have been a quicker 
appreciation of the march of events, including the need 
for producing more people of the same kind! Then again, 
because of conservative traditions, e.g. in the Civil 
Service, the freedom of the technical man to gravitate 
to the administrative and managerial side has often been 
restricted. Owing to the vicious spiral which we have 
created, engineering has tended to become more and 
more a matter of technical specialization. In consequence, 
full use has not been made of its potential value as a 
training for the broad field of general administration. 
The methods of scientific analysis are applicable to 
management as they are to technical problems, and can 
yield results which are no less far-reaching: science and 
the humanities are not enemies, but each the necessary 
complement of the other. 

Relative to many other disciplines, engineering also 
suffers because, by its very nature, it is concerned with 
the application of general principles—either scientific or 
empiric—to detailed problems. This involves a con- 
verging mental approach, which can be cramping unless 
it is countered in appropriate ways. 

Once this danger is clearly recognized, it may be 
minimized and, in effect, eliminated for all who are not 
of the purely specialist type. What is required first is a 
broadening of education; secondly, that all young 
engineers should be warned of the risk; and finally, that 
they should be given wide experience and responsibility 
during their formative years, on the lines already dis- 
cussed. We have to recognize that, since the time of the 
Stephensons, Brunel, Kelvin and Parsons, the corpus 
of engineering knowledge has become so vast that sub- 
division is essential. But this makes a broad grounding 
more, not less, important and calls for increased atten- 
tion to be paid to the important collateral issues which 
are involved. These include the economic impact of 
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engineering on society and the general problems gpply ab 
training and management to which I have referred, feasons 





Even a cursory study of the biographies of the greforemos 
engineers of the nineteenth century brings out forcibigfty ye 
certain common features which have a vital lesson fopducatic 
us to learn—or rather to re-learn—to-day. They knegituatior 
that great results can be achieved only by effort anbwn co 
persistence; they did not hesitate to take considemnd a ' 
risks. They combined the analytical and experimentggood. I 
attitude of the scientist with the enthusiasm of ths a wh 
engineer to apply knowledge to useful ends. As membegpf the p 
of our Institutions know, their interests and activities ig It see 
each case covered not one, but many fields of activitygwo pc 
thus, Faraday was a notable chemist, as well as the fathgptomic 
of electricity; Brunel not only built railways, but algpan be 1 
was pre-eminent for his vision in designing and buildingya mo 
bridges and ships; Parsons made great contributions tgFor this 
optics in addition to his development of the steampf our 
turbine from a bare idea to large-scale application. Bupxistenc 
perhaps most important of all, they took, and 
encouraged to take, major responsibility while they 
still young. In consequence, they were dynamic in the 
handling of technical problems, and most of them ak HE 



























became outstanding as managers and leaders of men. Me Inst 
To-day, conditions are far more difficult and complagird De 
than those our forebears had to face, but the possibilitieg <The ra 
of advance have correspondingly increased. There is mon, prc 
ecision 


reason to suppose that the incidence of natural ability 


initiative and enthusiasm is less than in former generation i 
but opportunities for displaying these qualities are fewihia) o 


owing to the greater rigidities of our present society, a 
because in many branches of engineering the pioneer 
stage was followed by one of relative complacency, fron 
which we have only been shaken by two world wars ai 
the example of other nations. The work of our Brit 
engineers and scientists in the field of nuclear pow, 
during the past ten years has shown what can be achieveg Auton 





when energy and courage are given proper scope. ‘Atan 
The engineer should be concerned with much momghe Briti 
than technical design and production to meet state The oi 
needs. He should be in a position to apply his powers« 
analysis to the reasons which prompt the requiremef ally 


and to proposing the best solutions which science aliammin; 
imagination can provide. He should be ready to ®) To af 
further still by considering what the social and econoliiions whe 
impact of his work is likely to be. His role in top manage Grou 
ment should not be ‘as technical adviser’ to those Wi) To m 
have no scientific or technical training; he should te Britis 
able to take a full part in leadership and in developi 'tish G 
° ° ( 

the forms of organization and methods of managemé 
é 7 Sigs ; i) To en 
which will be most effective in a changing world. benatie 
ithin th 
) Throw 





















Conclusion 


Industrial civilization as we know it to-day has largegutomat 
been built on foundations of science and technolog ch oo 
which Britain created in the eighteenth and nineteetl i. 


centuries. Since then, we have lost our position ¢ 
relative pre-eminence in industrial and economic strengt 
in terms of income per capita, for example, we now staf 
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ems gply about eighth among the nations of the world. The efficiency in the material sense is indeed necessary for 
ed. feasons for this change are no doubt complex, but survival, but our strength will not endure, nor will there 
© gregforemost among them has been our failure, over the past be contentment and stability, unless there is a parallel 
forcibgity years, to expand technological and managerial improvement in understanding and psychological attitude. 
son fyducation in accordance with the real needs of the This brings us back full circle to the need for broader 
y knegituation. This is a matter which is entirely within our education, better leadership, and more enlightened man- 
ort awn control, but unfortunately time is not on our side, agement at every level. It is still true, as Napoleon said, 
sidemnd a weakness of this kind cannot quickly be made that morale is more important than material strength. 

















imentipood. It is doubtful whether our rulers, or the country The Greeks in their heyday proved that art, scientific 
of ths a whole, are, even yet, fully aware of the seriousness philosophy and action can be united to give great results. 
embenpf the position in which we are placed. Our own civilization can continue successfully only if it 
ities ig It seems that the western nations now have to face achieves a balanced combination of the humanities and 
ctiviygwo possible dangers from the communist world— technology, based on both science and art. Our need is 
> fathyatomic war and industrial competition. Either threat for managers who are humanists, but who at the same 
ut alwpan be met only by a great increase of technology backed time are able to understand and to use the tools of 
uildiypy a more dynamic attitude in every field of management. knowledge which science and technology provide. 
ions for this country the message is especially urgent in view As in the past, we in Britain can, if we will, again save 
steampf our dependence on our export trade for our very ourselves by our exertions and, in addition, lead a 
on. Bugxistence. Continuous improvement in the nation’s troubled world to a fuller life by our example. 


















SHE BRITISH CONFERENCE ON AUTOMATION AND COMPUTATION 


Mm 4a 
he Institution issued the following notice to the Press on the Messrs. J. F. Coales, 0.B.£., M.A. (Society of Instrument Technology), 
Bird December 1957: and E. M. Renals (Institute of Cost and Works Accountants), as 
‘ . ae ees , Vice-Chairmen. 
The rapid growth of automation, in which is comprised computa- ‘Mr. J. D. Green (Institute of Chartered Accountants in England 


jon, process control and data processing generally, led to a 
decision (communicated to the Press in April 1957) by some 
nty bodies of the learned society type having interests in these 
ds, or in their social and economic implications, to set up a 
“Ientral organization to provide more effective liaison between the 
terested bodies, to be known as the British Conference on 


and Wales) was elected Honorary Treasurer, and Mr. W. Bamford 
(Institution of Electrical Engineers), Honorary Secretary, and 
the offer of The Institution of Electrical Engineers to provide 
secretarial services for the Group was accepted. 

‘One representative of each of the following societies was elected 
, : to serve with the Honorary Officers as the Executive Committee 
wtomation and Computation. ; ; of the Group: The British Computer Society; The Institute of 
‘This has been organized to consist of three Groups, as follows: Bankers; The Institute of Physics; The Institution of Production 
The British Group for the Engineering Applications of Automation. Engineers; The Iron and Steel Institute; The Office Management 


The British Group for Computation and Automatic Control. Association. 


Pe . 3 3 ‘The Chairman, the Honorary Secretary and one Vice-Chairman 

}. The British Group for the Sociological and Economic Aspects of (Mr. E. M. Renals) were chosen to act ruse representatives of the 
Automation Techniques. Group on the General Committee of the British Conference on 

% ‘At a meeting held on Friday, 20th December 1957, Group B— Automation and Computation, which will aiso comprise repre- 
1 momhe British Group for Computation and Automatic Control—was sentatives of the two remaining Groups now in process of formation. 
wprmally constituted . . .* ‘At their first meeting, the members of the Group interchanged 

‘The objects of the Group are : information as to their forthcoming activities in the field of auto- 


WEIS") To foster the development and applications of automatic mation, and made arrangements so that the Group, and through it, 














€meMEatols, computing and data-processing equipment and pro- the British Conference, could act as a clearing-house for information 
CE alliframming techniques. on activities of this kind. ' 
tO §%) To afford ti a . The meeting also reviewed current developments in the inter- 
aa allord a common meeting ground for the adhering organiza- national field which fell within the scope of the Group, and 
ms whereby such of their activities as fall within the purview of confirmed the support for the International Federation of Automatic 
anagipe Group can, if so desired, be co-ordinated and extended. Control (I.F.A.C.), constituted in Paris in September 1957, which 
se Wi) To maintain, as may be desirable, liaison with other Groups of had been expressed at the Group’s preparatory meeting. Details 
uld be British Conference on Automation and Computation by direct were received of other international associations now in being, in 


-Jopil bntact and by representation on the General Committee of the particular those concerned with analogue computation and cyber- 
itish Conference. netics, and it was agreed to watch their progress but to take no 
other action in their regard, it being hoped that eventually a merger 
of one or both with I.F.A.C. might come about. 

‘Note was taken of the interest of U.N.E.S.C.O. in promoting, 
i “= in 1959, an International Conference on Information Processing 
) Through the General Committee of the British Conference on Methods, in pursuance of a proposal originally made by the 
peaputomation and Computation, to maintain, as may be desirable, National Joint Computer Committee of the United States in 


emé 
B i) To encourage and, if desired, to co-ordinate the presentation at 
hiernational Conferences of British papers whose subjects fall 
thin the purview of the Group. 


Rison with corresponding National Committees of other countries January 1957. Further details were awaited; the Group expressed 
tich support such International Conferences. their readiness, in principle, to support this project. 

ion ¢ ‘Mr. T. E. Goldup, c.s.£. (President of The Institution of ‘The Group constitution provides for the election of additional 
trical Engineers), was elected Chairman of the Group, with member societies: those interested should communicate with the 


nf.’ A list of the member societies of Group B of the B.C.A.C., which was included Honorary Secretary, B.C.A.C., Group B, c/o The Institution of 
Press notice, was given on p. 47 of the January Journal. Electrical Engineers, Savoy Place, London, W.C.2. 
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THE PACKAGING OF ELECTRONIC EQUIPMENT........... na 


Much design consideration is given to the performance of 
electronic equipment, less to the handling it will receive when it 
has left the factory. Yet much financial loss could be avoided if 
designers were more aware of the kind of shocks their creations 
are heir to, and if simple tests were made to ensure that the 
packaging is efficient. The author, who is at the Royal Radar 
Establishment, describes the methods and materials used in 
modern packaging. The article is based on his paper of the same 
title published in the Journal of the Royal Aeronautical Society, 
1957, vol. 61, p. 335, and the photographic illustrations are 
Crown Copyright. 


S. C. SCHULER, ASSOCIATE 





Introduction 


N recent years considerable progress has been achieved in 
[= protection of delicate equipment by suitable packaging 

techniques. The two main problems are moisture pro- 
tection under adverse climatic conditions, and protection from 
mechanical shocks and vibration in transit. 

Moisture can cause corrosion of mechanical assemblies and 
deterioration of the electrical insulation of the circuits. 
Protection can be achieved satisfactorily by the use of 
preservation treatments and/or moisture-vapour barriers, 
such as metal-foil laminate, polythene film or sealed metal 
containers, in conjunction with a suitable quantity of desiccant. 
These techniques are covered by a Government specification, ! 
and have been found to be very effective in Service use. 

The design of package cushioning to protect equipment 
from mechanical shock during transit and handling is a more 
complex problem. Although the subject has received a good 
deal of study, particularly in the United States by Dr. R. D. 
Mindlin? and others, there is as yet no complete theoretical 
treatment. The equations of Mindlin have not been adopted 
by packaging designers to any great extent, primarily because 
they are too formidable for day-to-day applications and also 
because they require knowledge of the stress/strain charac- 
teristics for each cushioning material; few data on these have 
so far been published in the United Kingdom. 

To design a cushioned package satisfactorily, consideration 
must be given to the three main factors involved: 


(1) a knowledge of the shock and vibration conditions to which a 
packaged equipment will be subjected in transit and handling; 

(2) the breakage characteristics of the equipment to be packaged, 
embracing the maximum permissible accelerations, deflections and 
resonant frequencies of the various assemblies or components of 
the equipment; and 

(3) data on the shock absorption, load-supporting properties and 
stability of cushioning materials. 


Shock and Vibration Conditions during Transit and Handling 


There are many types of transport which can be used for 
the movement of packaged equipment, and each presents its 
own problems and range of shock and vibration conditions. 

Packages should be desig ed so that the cargo is protected 
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approx 
Au 
, ' the spé 
when transported by road, rail, sea or air, and should med 
satisfactorily the movement hazards involved in loading anj Equipn 


unloading by slings, cranes, fork-lift trucks, man-handling 
and so on. Some data on the environmental conditions aj For 
contained in a Ministry of Supply specification.? cantile 

During loading and unloading of packaged equipment frog} /9¢" ) 
vehicles, ships or aircraft, shocks may be experienced equiyaj 5°™ 
lent to a free drop from a height of 4-5 ft onto concrete. Tk before 
damage which may result depends to a great extent on thy % nee 
amount of cushioning in the package and on the strength gj @UP® 
the container. Experience has shown that drop hazards apjj Patt o 
mishandling are greater with lighter packages, mechanic Moreo 
aids being used to move the heavier loads; even with they becaus 
loads, however, final positioning may be by hand and t deflect 
package may well be tipped from one side to another. Triahj tan U 
made with the different methods of transportation show thi 
the major shocks are invariably caused by rough handling} Drop-1 







and the drop test is therefore chosen as the main factori} [js 
test schedules to simulate handling operations. impose 
Instrumented drop tests on electronic equipment show thal packag 


large values of deceleration may be sustained at component pandli 
mountings and sub-assembly locations. If a typical airbom 
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radar unit without packaging were dropped from a height of 
four feet onto concrete, the item would sustain a shock of 
approximately 1000g for a few milliseconds. 

A useful schedule of tests for packages is contained in 
the specification of Reference 1 (Part II, Section 7). 











4 Equipment Fragility 
} For some items, such as simple brackets and channel and 
cantilever structures, the ‘safe’ deceleration figure (or fragility 










jassemblies are complex structures, and it is not known 
} beforehand which are the most fragile elements. It will then 

be necessary to determine the breakage characteristics of the 
4 equipment by shock testing the item to reveal the weakest 
rds an part of the assembly or failure of a specific component part. 
chanigj Moreover, a shock test is more accurate than calculation, 
th thee because ductile structural materials will often endure higher 
deflections and accelerations under transient-shock conditions 


It is necessary that the waveform of the deceleration loadings 
imposed during the tests should be similar to that which the 
al packaged equipment would actually encounter under rough- 
‘il handling conditions, and a deceleration-testing machine has 





2 Table of the drop-test machine, showing the pneumatic 
cylinder underneath 
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been designed at the Royal Radar Establishment to produce 
a waveform suitable for this purpose. 

It consists of a metal carriage, about 2ft square, on which 
the equipment to be tested is mounted. The. table is free to 
move up and down between two vertical steel posts and is 
guided on these posts by eight steel rollers. The table is raised 
by means of a wire rope passing over a pulley and down to 
a hand- or power-operated hoist. Connection between rope 
and carriage is by means of a magnetically operated bomb 
release. 

Mounted on the underside of the table is a pneumatic ram 
which acts as the retardation pad or cushioning. The ram 
consists of a cylinder and piston, air being pumped in or 
extracted through a Schrader valve. The intensity of the 
shock can be varied over a wide range: the greater the amount 
of air within the cylinder, the better the cushioning and the 
smaller the shock. Fig. 1 is a general view of the machine. 
Fig. 2 is a closer view of the table, on which a cathode-ray 
tube is mounted ready for testing. The cylinder underneath 
is the pneumatic ram. 

The pneumatic ram will provide a peak acceleration in the 
range 5-90g with duration times in the range 10—50 millisec, 
variation in drop heights from 1 ft to 4ft 6in. and variation in 
table loads of up to 100Ib. 

To operate the machine, the equipment is mounted on the 
table, which is raised to the necessary height. The ram is set 
up to give maximum cushioning—for example, to reduce the 
peak shock to, say, 10g. The table is released and falls onto 
the steel plate. The equipment is then functionally checked 
and inspected for mechanical failure. This procedure is 
repeated with gradually increasing shock intensities, until a 
level is reached which will cause some mechanical or electrical 
failure. This test is performed in both directions of each of the 
three main axes. The fragility factor can be used either to 
modify the structure so as to improve its impact strength, if 
this is practicable, or to calculate the required amount of 
cushioning in the packaging of the equipment. 


Experience with the Impact Tester 


Experience in testing a considerable number of equipment 
assemblies, cathode-ray tubes, meters, etc., has shown the 
following general points. 


(1) It is usually the mechanical structure of electronic assemblies 
which shows the first signs of damage. Standard components, 
valves or meters rarely fail before structure. 

(2) Well-designed chassis structures rarely failed to withstand 
shocks of 50g (of the kind provided by this machine). 

(3) For items involving complex glass-sealing techniques (e.g. 
special valves, magnetrons), a number of specimens, ten or more if 
possible, should be used for fragility assessment. Fragility scatters 
of from 25-100g have been recorded on otherwise identical samples 
in this class. 


Fig. 2 shows the machine set up for tests on a cathode-ray 
tube. A series of tests was made to establish the minimum 
shock required to cause permanent distortion of the gun 
assembly. The glass envelope was enclosed in a split wooden 
block and a small clearance between wood and glass was 
allowed all round. 

This gap was filled with beeswax to accommodate dimen- 
sional differences in the sample tubes used for assessment. 
No measurable permanent deflection was recorded when the 
tube was subjected to shocks (in three planes) of up to 100g 
peak value. The fragility assessment test in this instance 
included operating the cathode-ray tube and measuring the 
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spot deflection on the face of the cathode-ray tube on impact. 
The damage sustained by the aluminium chassis of an item 
of field-test gear after a shock of 75g is shown in Fig. 3. The 
equipment was still electrically satisfactory. 

It should be noted by equipment designers that cushioning 
a package for 40g protection is a reasonable proposition, but 
if the fragility factor falls substantially below this figure (to, 
say, 25g), the cost of the packaging and the difficulty of 
providing the necessary protection are very considerable. 
Care should therefore be taken to provide heavy components, 
such as transformers, with adequate strength in the fixing 
lugs and retaining bolts. This can ‘generally be done without 
adding materially to the bulk or weight of the equipment. 


Vibration 


Although deceleration shocks of the type simulated above 
are usually the main causes of damage to equipment in 
transit, prolonged forced vibration can also cause important 
fatigue effects and damage in packaged equipment if proper 
vibration isolation is not provided. It is important, therefore, 
to determine the resonant frequencies of the structure and 
sub-assemblies of the equipment and of the cushioned package. 

Vibrations will be transmitted through cushioning in 
varying degrees and will produce accelerations at the cargo 
equal to, less than or greater than, the external forcing 
acceleration. 

Most airborne electronic equipments are complex structures 
which have many critical resonant frequencies. Those fre- 
quencies of the range encountered in transportation will have 
to be considered in the design of the cushioning, the type of 
closure and the style of construction of the outer case of the 
package. 

If the applied vibration range of the transport vehicle 
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excites a resonance in the structure of the cargo, or th 
cushioning system of the package, the severity of the vibratigy 
experienced will be considerably increased. 

It is important, therefore, with packaged equipment, 
especially if it incorporates new techniques of cushioning, tp 
make vibration tests before the design is approved. 


General Properties of Cushioning Materials 


Apart from considerations of cost and availability, the two 
main technical aspects of a cushioning material or system ar: 


(1) general chemical and physical properties (e.g. stability unde 
wide variations of temperature and in the presence of moisture, 
good ageing properties, and ease of application); and 

(2) shock absorption and vibration isolation (e.g. efficient dynamic 
load/compression performance and damping characteristics, and 
good fatigue properties under successive cycles of compression), 


The amount of material required for cushioning a particular 
cargo, and hence the bulk of the package, mainly depends on 
the impact-energy absorption efficiency of the cushioning, 
i.e. the shape of the compression performance curve for the 
material, of which various examples are shown in Fig. 4. The 
energy absorbed or stored by the material is equal to the area 
under the curve. Fig. 4a is the ideal curve, but it is not 
obtainable with any available system. Closest to it are the 
tied compression springs of Fig. 4d. From curves of this type, 
the shock to which a packaged equipment will be subjected 
can be calculated for the flat-drop condition. 

Other aspects on which there are as yet few data, but 
which are known to play a significant part in packaging 
performance, include: 


(1) The influence of the package container on the overall shock 
performance. Some limited experiments indicate that the cushioning 
has not only to deal with the energy of the cargo but must also cater 
for the rebound energy of the outer case. 
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4 Load{compression curves for various cushioning systems 


The deflection is plotted against the load producing it. a Ideal 
curve. b Fine-texture flexible foamed plastic (e.g. polyurethane 
materials used under ‘non-bottoming’ conditions). ¢ Coarse 
texture flexible foamed plastic. d Tied compression springs 
e Normal tension springs. f High-density rubberized hair and 
bonded wood-wool. g Medium- and low-density rubbei 
hair; foamed rubber. 
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() The pneumatic effect in the performance of sealed containers 
and bulk cushioning materials. 

(3) The shape of the bulk cushioning (i.e. the effect of cavities and 
cut-outs in mouldings). 

(4) The effect of corner and edge drops on the behaviour of 
cushioning materials. 


When the overall plan of the package design is decided a 
prototype pack is prepared, and performance is checked by 
measuring the decelerations at the cargo (or dummy cargo) 
when the pack is drop tested. 


Instrumentation in Packaging Investigations 


In order to evaluate the dynamic performances of cushioning 
materials and to obtain the dynamic loadings on the cargo in 
packages when drop-testing, it is necessary to have available 
an instrument which will give a picture of the deceleration 
waveform. The Royal Radar Establishment have developed 
an instrument for this purpose comprising an accelerometer, 
an electromagnetic release, a delay unit and a display (with 
peak acceleration meter if required). 

The accelerometer consists of a small barium titanate 
element cemented to a metal mass. Acceleration and decelera- 
tion of the unit will cause a decrease or an increase of pressure 
on the crystal, with consequent generation of a voltage pulse 
owing to the piezo-electric properties of barium titanate. 

Two units have been developed, a single-plane and a 
three-plane type. The three-plane unit consists of three 
accelerometers mounted at right angles to each other; this 
enables drop tests to be made in three mutually perpendicular 
planes without the inconvenience of repositioning the accele- 
rometer in the packing case. The three-plane accelerometer 
weighs 70z and measures 24in x I4in x 2in. 

The output from the accelerometer is fed through a special 
low-noise double-screened cable to the cathode-follower in 
the delay unit. 

The release unit is a standard electromagnetic bomb release 
which has been suitably modified. The package is suspended 
from the jaws of the release, which can carry a maximum 
load of 10001b. The jaws are opened by an electrical pulse 
fed from the delay and power unit. This remote operation 
ensures that the operator can stand at a safe distance from 
the package being drop tested., 

A complete picture of acceleration pulse against time is 
obtained if the output of the accelerometer unit is displayed 
ona cathode-ray tube. For ease of measurement it is important 
to arrange that the peak of the acceleration pulse is always 
displayed at about the same point on the tube face. To achieve 
this, and having regard to the different time intervals which 
will occur between the release pulse and the impact shock for 
different drop heights, a variable time-delay circuit, with a 
control calibrated in drop heights (up to 6ft) is provided in 
the delay unit. This unit also contains the cathode-follower 
circuit and the switch button to open the jaws of the 
Telease. 

The output from the accelerometer can be displayed on a 
standard oscilloscope, but it is often advantageous to use one 
specially designed for the purpose, which makes the whole 
‘quipment self-contained. The display consists of a long- 
Persistence cathode-ray tube of diameter 24in, together with 
stabilized power supplies and associated circuits. The use of 
4long-persistence tube enables the intensity and shape of the 
shock waveform to be quickly assessed. For permanent 
(eords, provision is made for attaching a 35mm single-shot 
tamera. A calibration signal is also available, which can be 
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switched in either immediately before or immediately after 
the drop test, as required. 

For routine checks on standard packages, where only the 
maximum deceleration value is of interest, a meter which 
shows the peak value directly can be very useful. Facilities 
are available on the monitor unit to plug in a peak-reading 
meter assembly, which is calibrated in g units. The incoming 
signal from the accelerometer is used to charge a capacitor of 
long discharge time-constant. The circuit is reset to zero by 
means of a switch on the front panel. 


Packaging Materials and Techniques 


Polythene film is being used extensively for the packaging 
of resistors, capacitors and other small electronic spares. 
Each component is sealed in a polythene envelope 5 mils 
thick and ten components are then placed in a further outer 
polythene envelope. Ten such small packs go into a carton to 
form a bulk issue of 100 components. 

Components such as_ vitreous-enamelled wire-wound 
resistors, which are rather brittle, are packed separately in a 
polythene envelope inside a wax-dipped spirally wound 
cardboard tube. Ten resistors are then arranged in a bundle 
secured with two rubber bands and placed, together with 
identification labels, in a polythene envelope of appropriate 
size. The bundle technique, using rubber bands, can be 
applied to a wide range of electronic components; it provides 
a most economic pack and facilitates the insertion of the 
components into the polythene envelope. 

For equipment of irregular shape, mouldings of rubberized 
hair are particularly useful for package cushioning. This 


5 The packaging of an airborne transmitter-receiver 
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material is light and resilient and can be readily moulded by the 
use of simple wooden tools. Several firms manufacture 
tubberized hair, which is approved by a Ministry of Supply 
specification.* ; 

Under the R.A.F. system of servicing, squadron workshops 
will not normally have sufficient trained personnel to repair 
sub-assemblies of radar equipment. If a fault develops, the 
defective sub-assembly will be removed and replaced by a new 
one. The defective sub-assembly will be placed in the 
packaging provided for the new sub-assembly and returned 
to the repair units. Rubberized-hair mouldings provide a 
convenient reusable packing material and are usually arranged 
so that the internal surfaces of the top and bottom blocks are 
moulded to conform with the profile of the sub-assembly. 
The top block (or lid) is provided with two recesses for 
locating bags of desiccant. 

Where necessary, the mouldings can be hinged together with 
two pieces of canvas and a press stud included on the front 
face. An alternative arrangement for locating the two 
mouldings together is to form them spigot fashion so that 
the two halves can be held together without the use of canvas 
straps. The moisture barrier can be provided by a polythene 
film envelope which is heat-sealed over the outside of the 
mouldings. The whole assembly is then inserted into a suitable 
container. 

The application of rubberized hair for the packaging of a 
cylindrical airborne transmitter-receiver is shown in Fig. 5. 
The equipment weighs 301b and has close-fitting mouldings 
of heavy-density rubberized hair to enclose the equipment in 
the smallest possible cylindrical shape. A pocket to receive 





6 Magnetron in a wood-wool moulded pack 





bags of desiccant is left in the moulding covering the front 
panel. The equipment and the mouldings are enclosed in a 
polythene-film bag 10 mils thick. The bag is made extra long 
to permit several sealings, to allow for repeated reuse. 

End and girth mouldings of five-inch-thick rubberized hair 
form the main cushioning, and the outer container is of 
plywood, with reusable metal closures. 

The package, including cargo, weighs 701b. The cushioning 
reduces the peak shock to 45g, on a free drop from a height 
of 4ft 6in onto concrete. 

Moulded wood-wool is a useful material for packaging 
certain types of electronic valve. The moulding is made from 





7 Tied compression springs 





shredded wood cuttings, usually of spruce, which are dried 
and then bonded together with urea formaldehyde unde 
pressure. Fig. 6 shows a 171b magnetron with its conforming 
wood-wool moulded pack. The mouldings spread the loads 
on impact over the whole surface of the valve and minimiz 
local stresses on the glass boot. It is important that the item 
should first be sealed in a polythene bag before insertion in 
the mouldings to prevent any possibility of corrosion. 

Wood-wool mouldings are considerably cheaper than other 
moulded cushioning materials, and, although stray curling 
break off, this is not a disadvantage for valve packaging 
Assembly of the package is very simple and represents a 
considerable saving in packaging time; the whole arrangement 
is considerably cheaper than the spring-crate type of package 
which has often been used for valves of this type. Low 
density mouldings have the disadvantage of marked fatigue 
under repeated impact loadings. Wood-wool mouldings are 
not recommended for reusable packaging applications, but 
this is not usually a requirement for valve packaging. For 
certain applications it may be desirable to have a high-density 
conforming wood-wool moulding as the inner pack, sur 
rounded by shock-absorbing pads of low-density wood-wool 
or rubberized hair. 

A range of pre-compressed-spring shock absorbers i 
available. A typical shock absorber employs eight springs 
under high compression, an arrangement which results in the 
high energy-absorption characteristics referred to above and 
provides a material saving in dimensions and packaging. The 
weight of the standard unit is 11-50z, and its dimensions afe 
2in x 64in x 3in. The standard unit can be clamped to form 
a double or triple assembly to give greater protection to the 
item being packaged. 

The shock absorbers are attached to an outer case, usually 
by wood screws, and a typical application is shown in Fig. 7. 
Here the equipment weight is 60lb and the two banks of 
spring pads reduce the shock to 30g when the package i 
dropped from a height of 3ft onto concrete. The pads aft 
rather difficult to apply to cylindrical cargoes, and they 
require a stout outer case because loads are confined to small 
areas of the case. 


Summary 


The satisfactory packaging of delicate electronic equipment! 
is often a complex problem, but it can be considerably eased 
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if designers of equipment incorporate features which will 
assist the packaging design, for example: 


(1) Provide mounting of adequate strength for heavy components, 
and reduce to a minimum projecting assemblies on the external 
faces of the equipment. 

(2) Provide adequate pick-up points or mountings on equipment 
which can sustain the dynamic loads under impact. 

(3) Wherever possible determine the fragility factor of the equipment 
by a series of tests on a drop-test machine, and if necessary, 
introduce simple modifications to improve the strength factor of 
assemblies under these conditions. 


After a prototype package has been made, instrumented 
drop tests should be carried out to check that the required 
protection is being realized in practice. 


Attention to the points outlined will facilitate efficient 
packaging designs and ensure safe shipment of valuable 
equipment under adverse conditions of handling, transit and 
store. 


References 


_ 


‘General Requirements for Packaging Supplies for the Services’ 
Ministry of Supply Specification No. DEF. 1234 (H.M.S.O., 1954). 
2 MINDLIN, R. D.: ‘Dynamics of Cushioning’, Technical Monograph 
No. B.1369 (Bell Telephone Laboratories, 1945). 

‘Climatic and Durability Testing of Service Telecommunication, 
Equipment’, Ministry of Supply Specification No. K.114 (Radio 
Components Standardization Committee, 1950). 

Ministry of Supply Specification No. UK/AID/919 (Directorate of 
Aeronautical Inspection, 1954). 


ie) 


te 


U.H.F. TRANSMISSIONS FROM CRYSTAL PALACE 


of high-power test transmissions on 654-25 Mc/s to 

collect further data on the u.h.f. bands (Bands IV 
and V*), which were allocated to television at the International 
Radio Conference at Atlantic City, 1947, but have not so far 
been used for television broadcasting in this country. 

After earlier laboratory work, the B.B.C. embarked on 
their first series of u.h.f. propagation measurements in 1955. 
These were directed towards the investigation of propagation 
on frequencies in the range 470-960Mc/s over distances 
representing a normal service area, and over longer distances 
to obtain data necessary for the evaluation of co-channel 
interference. The initial tests were for the latter purpose and 
employed transmitters modulated by square waves. The 
transmitters were installed at various television transmitting 
stations, the aerials being erected high up on the television 
masts. Regular field-strength measurements have been made 
over long periods at various locations, some as far away as 
the Shetland Islands. 

The long-distance tests were followed, in 1956, by a series 
to determine propagation conditions within a typical service 
area, using a transmitter at the Crystal Palace on 495 Mc/s, 
working into a Yagi aerial and radiating a peak power of 
1kW over a fairly narrow beam when modulated with square 
waves; pulse modulation was also used for some of the tests. 
The bearing of the aerial was changed from time to time so 
that field strengths could be measured in all directions from 
Crystal Palace. 

However, the information collected in this way was 
insufficient, and at the request of the Television Advisory 
Committee the B.B.C. decided to embark on a more ambitious 
series of experiments, using a high-power transmitter and 
tadiating full television signals, initially on 405 iines and later 
on 625 lines (C.C.1I.R. standards). 

For this purpose the B.B.C. have installed at Crystal 
Palace a 10kW peak-white u.h.f. vision transmitter, the 
vision frequency being 654-25 Mc/s, and a sound transmitter 
with a carrier power of 24kW. The equipment is low-power 
modulated on both sound and vision channels. The klystrons 
employed in the audio and video final stages use three external 
cavity resonators and operate as linear amplifiers with a 


(): the 11th November 1957 the B.B.C. began a series 


* Band IV is the frequency range 470-585 Mc/s. 
Band V is the frequency range 610-960 Mc/s. 
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power gain of approximately a hundred. They are driven by 
a modulated amplifier stage operating with a cathode- 
modulated circuit. The output of the transmitters is combined 
in a circuit of the filter bridge type, constructed in rectangular- 
section waveguide. The combined output is then conveyed to 
the aerial by an elliptical waveguide measuring 12in x 6in. 
At the top of the 700ft television mast the waveguide is 
transformed into a 5in concentric feeder to take power to 
the helical aerial. This comprises four bays mounted one 
above the other on the same vertical axis, each having a 
linear height of five wavelengths. Each bay is fed at the 
centre, the helix being wound from the centre point of the 
bay in opposing directions to cancel the vertical component 
of radiation. The aerial has a power gain of 20, and the 
effective radiated power of the vision signal is 125kW peak 
white in the horizontal plane. 

The Band V transmitter is in operation for several hours a 
day, radiating pictures on the 405-line standard. The pictures 
are the same as those radiated by the Band I transmitter 
installed in the same building. Later, pictures on 625 lines 
will be produced at Lime Grove from flying-spot telecine 
equipment and sent over a specially equipped coaxial cable 
to Crystal Palace. The tests on 405 lines will continue until 
about March 1958. The transmitter will be readjusted and a 
second series of tests will then begin on 625 lines. For these 
latter tests the programme will usually be different from 
that being radiated by the Band I transmitter, but at certain 
times duplicate copies of films scanned on the two systems 
will be radiated simultaneously. 

The B.B.C., the radio industry, the Post Office, the D.S.I.R. 
and the I.T.A. are organizing comprehensive studies of the 
received pictures. A number of experimental receivers of 
various types will be used, some being representative of the 
designs that might be expected to become available to the 
public in the future. The B.B.C. hope that the information 
gained from these tests will prove useful when the Television 
Advisory Committee prepare their recommendations on the 
future development of television in the United Kingdom. In 
particular they would throw light on the effects of a possible 
change in the U.K. television standards to conform with those 
on the Continent. There is no intention of making any change 
in the 405-line standards used at present for television 
broadcasting in Bands I and III. 
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SATELLITES........ 


Russia and the United States had previously announced their 
intentions of creating earth satellites as part of the Inter- 
national Geophysical Year, but the actual launching of the first 
Russian one took the world by surprise, perhaps because it was 
one of those projects that seem fantastic until they happen. 
The reaction, however, was immediate, and in the next few 
weeks many observations were made on both satellites. An ex- 
traordinary meeting of the Radio and Telecommunication Section 
on the 22nd November 1957 gave British scientists and radio en- 
gineers an opportunity to discuss their results—the majority 
involving radio techniques. Now that the Americans have suc- 
cessfully established their first earth satellite, interest will quicken 
in the scientific uses of these new planetary instrument carriers. 





S might be expected, such a topical subject as Radio 
Observations on the Russian Satellites attracted a very 
large audience to the special afternoon and evening 
meeting of the Radio and Telecommunication Section held 
on the 22nd November. Three representatives from the 
Russian Embassy were amongst those who heard reports of 
observations made in this country by a surprisingly large 
number of people and organizations. An unusual, if not 
unique, feature of the meeting was the newness of the material 
presented, for the subject of the observations had not even 
existed seven weeks before. 

In an introductory talk Dr. R. L. F. Boyd spoke of the 
earth satellites as a great achievement and said that the launch- 
ing of the first satellite was undertaken to test the effective- 
ness of the radio link between the satellite and the ground, 
to obtain data on the shape of the earth by means of observa- 
tions on the orbit, and to discover the drag of the atmo- 
sphere on the satellite itself. 

The second satellite probably consisted of a similar vehicle, 
but the sphere containing the transmitter was not ejected. Its 
primary purpose was apparently to discover something about 
the hazards of space travel, especially the effects on a dog of 
acceleration, prolonged weightlessness and bombardment by 
cosmic rays. This satellite also contained instruments for 
measuring the flux of cosmic rays and the flux of ultra-violet 
light. 

Satellites are invaluable, of course, for purely geophysical 
studies concerning the density, temperature and composition 
of the upper atmosphere, the ionization beyond the peak of 
the F layer, the shape of the earth, the distribution of land 
masses, and the problems of geomagnetism. They could be of 
great help in meteorology and in stellar spectroscopy, particu- 
lary of those regions of the spectrum which are absorbed by 
the atmosphere. 

Dr. Boyd next considered the forces acting on the satellite, 
for, besides the gravitational forces of the earth and its land 
masses, the sun and moon and other celestial bodies, there is 
electromagnetic damping of the satellite’s rotation by eddy 
currents, and an electrostatic drag due to the charging of the 
satellite (by photo-emission under the ultra-violet irradiation) 
and the consequent trailing after it of a space charge of 
particles of opposite sign. 

With the aid of an excellent model, Dr. Boyd enumerated 
the principal elements of the orbit. They are: 
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(1) the minimum height of the satellite above the cal Tat, 
(height at perigee), _ 

(2) the maximum height (height at apogee), ad 
(3) the position of the intersection of the orbital plane wif The 
the equatorial plane, that in 
(4) the angle which the line joining the apogee and perigy satellit 
makes with the equatorial plane, and y he 
“e 

(5) the inclination of the orbit, i.e. the angle between th os 
orbital plane and the equatorial plane. the Re 
He concluded by saying that radio measurements can assig pM 
in the determination of these parameters and their variatio; pac 
with time. ne ; 0 
The first satellite, launched on the 4th October, transmittej nt 
radio signals on frequencies of about 20 and 40 Mc/s, an denies 
Dr. J. R. Shakeshaft described the interferometer equipmen - 
at Cambridge with which the path of the satellite had bea ies 


plotted from observations on the higher frequency. The aerig Signal 
system consisted simply of two horizontal full-wave dipoles ae 
separated along an east-west line by a spacing of four wave bone ti 
lengths, which at 40 Mc/s is just under 100ft. It was intended _ 
that these observations would be preliminary to more accurate ° on 
optical and radar observations. However, the climate of thi 
island being what it is, very few optical photographs wer 
taken, and much of the work done at Hurstmonceaux ip 
determining the elements of the orbit has been based on radic is j 
observations. anal 

Dr. Shakeshaft described the methods used to establish th Kitcher 
orbit of the satellite, which was found to be nearly circular 


howeve 
on the 
recessic 


with an inclination of 65° and a period of about 96 minutes bv - 
: conven 
(Fig. 1). Measurements of the apparent changes of frequeng dine 
within 
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1 The orbit of the first satellite with respect to Cambridge aes 


. . . an 

The angle of inclination of the orbit is 65°, and Cambridge move an 
relative to the orbit along the small circle, latitude 52° 12’. The ame c\ 
positions of Cambridge at three successive times of transit of the {inders. 
satellite across this latitude are marked. The 40M¢c/s signab was te: 

enabled the satellite to be detected at a range of about 2000km, . 
and so seven transits out of the daily fifteen could be observed. Ag The ¢ 
the satellite slows down, the height at apogee decreases more rapidl§ zave de 
than the height at perigee, and the orbit tends to become mot Banbur 


circular. 
against 
ae a — fxtellite 
due to the Doppler effect also helped in the derivation of th _ 
orbit. The period of 96 minutes was decreasing at abou i. “ 
2sec/day, corresponding to a change in the semi-major ax * 


of about 315 km/day. 
The fading of signals was thought to be caused by th . 
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tation of the satellite at 6-8r.p.m. and by the Faraday 
diect, i.e. the rotation of the plane of polarization of the 
transmitted wave in the ionosphere due to the earth’s magnetic 
field. 

The transmitter in the first satellite lasted three weeks but 
that in the second only five days. The period of the second 
gtellite is about 103 minutes, and its orbit is more elliptical 
than that of the first, having the same perigee but an apogee 
of about 1 600 instead of 900km. 

Mr. A. N. Beresford told of similar measurements made at 
the Royal Aircraft Establishment. The interferometer had a 
four aerial system, one pair of dipoles lying approximately 
north and south and the other pair accurately at right angles. 
As with the Cambridge apparatus, the spacing of each pair 
was 100 ft. The average heights of the first satellite calculated 
fom the observations were 250n. miles for the morning 
transits and 130n. miles for the evening transits. 

Accounts of observations made on conventional direction- 
finders were then given by Mr. F. A. Kitchen (at the Admiralty 
Signal and Radar Establishment) and Dr. W. C. Bain (at the 
Radio Research Station). Both remarked on the unexpectedly 
long time during which the signals were heard on each orbit; 
on one occasion the approaching satellite was first heard as it 
passed over the region of Montevideo. A puzzling feature, 
however, was that while the signal was heard for a long time 
on the approach, it was not heard for very long on the 
recession. It was not known whether this asymmetry was due 
to an ionization effect in the F region. Since the transmitter 
was of very low power, estimated to be about 1 watt, Mr. 
Kitchen was interested in how the long-distance propagation 
was effected. He proposed two possible mechanisms: first, 
conventional’ multi-hop propagation between the earth’s 
surface and the atmosphere, and secondly propagation 
within the boundaries of the F region or between the E and 
F regions, which might act as a leaky waveguide excited by 
the satellite transmitter. But it was not clear how either mode 
could be initiated at such long range, especially since the 
satellite itself was probably above the F region, which was at 
that time fairly dense. 

Dr. Bain said that signals had been received at Slough when 
the first satellite was on the far side of the North Pole, and he 
pointed out that in this instance the long-distance propagation 
ocurred when the satellite was at a height below the F, 
maximum. 

The general discussion, which was somewhat slow in 
slarting, produced a statement that the predicted orbits 
agreed with the measured ones to within the limits of experi- 
mental accuracy. Mr. G. Millington, who claimed the 
distinction of being the first speaker not to have made any 
observation on the satellites, spoke of the possibility of 
round-the-world echoes from a transmitter situated in such 
a advantageous position. Mr. Kitchen was able to add that 
some evidence of such echoes had been detected on direction- 
finders. The meeting then adjourned for tea, and attention 


= was temporarily diverted from outer space to inner space. 


The evening session was opened by Mr. H. Stanesby, who 
gave details of the Doppler frequency measurements made at 
Banbury and Baldock. He showed plots of received frequency 
‘ainst time which exhibited a characteristic decrease as the 
wtellite passed the observing point, the maximum rate of 
tlange occurring at the time of closest approach. A very 
interesting feature of these curves, which was referred to by 
veral speakers in the discussion, was the false start to the 
fequency drop observed about five minutes before the main 
itcrease. Mr. Hampton also spoke of Doppler measure- 
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ments at Farnborough and of the methods of analysis by 
which times and distances of nearest approach were calculated 
to a high degree of accuracy. The field-strength records 
presented by Mr. P. N. Parker showed that one of the 
characteristics of the signals from Sputnik I was a regular 
fading in intensity, which had a period of about 10sec. The 
estimated power radiated from the first satellite was about 
2 watts at 40 Mc/s and rather less than 1 watt at 20 Mc/s. 

Attention was then turned to the part played by radar, and 
Mr. J. S. Greenhow described how both satellites had been 
observed on the large radio telescope at Jodrell Bank. Dr. J. S. 
Hey showed some interesting photographs of echoes he had 
received from the first satellite rocket on the 30th October, 
using a 45ft-diameter radio telescope at the Royal Radar 
Establishment, and he emphasized the difficulty of finding 
such a target with a beam subtending only half a degree. One 
such photograph is shown in Fig. 2. 
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2 Radar echo of the rocket of the first satellite 
Royal Radar Establishment, Malvern, 30th October 1957. 


In the subsequent discussion, which was more lively than 
that of the afternoon, the anomalies observed in the Doppler 
frequency records and the fading of the signal strength were 
the main subjects, and explanations in terms of propagational 
effects and rotation of the satellite were put forward by 
several speakers. 

An interesting contribution was that made by Mr. H. V. 
Griffith, who played a tape recording of the ‘bleeps’ in order 
to illustrate the change in Doppler frequency as the satellite 
passed by. Another recording, made just before the trans- 
missions ceased, showed how the character of the ‘bleeps’ 
had changed since they were first heard. 

Summing up the meeting, Dr. R. L. Smith-Rose reminded 
the audience that the launching of the satellites was part of the 
programme for the International Geophysical Year and that 
the primary purpose was the exploration of the upper atmo- 
sphere and the measurement of solar radiation. He sounded 
a note of warning to those who might belittle the influence of 
the ionosphere on the accuracy of their measurements; we 

(continued on p. 110) 
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CORRESPONDENCE 





TRANSIENT EFFECTS DUE TO SHORT- 
CIRCUITING OF ALTERNATORS 


From J. S. VOSPER, B.Sc.(ENG.), ASSOCIATE MEMBER* 


The exponential decrement of the a.c. component of the 
short-circuit current of an alternator is well known to contain 
two terms of different time-constants, namely 7), of the 
order of several seconds (referred to as ‘transient’) and 7,7, 
of the order of a few hundredths of a second (referred to as 
‘sub-transient’). Terms of shorter time-constant are also 
known to exist, and although, as pointed out by Tompsettf, 
they have no practical significance for short-circuit current 
magnitudes, they are important in other respects, particularly 
for restriking voltages. In a recent discussion before the 
Measurement and Control and the Utilization Sections} the 
existence of several time-constants in electrical machines 
received considerable attention. 

When a short-circuit current is interrupted (at natural 
current zero) the terminal voltage is initially low, reaching its 
open-circuit value exponentially with two time-constants 
similar to those evidenced in the current wave. Unlike the 
current wave, however, the voltage, owing to the very low 
power factor, starts at approximately 90° along its waveform. 

It was pointed out by C. E. R. Bruce twenty years ago§ 
that the actual value of this first peak of the recovery voltage 
wave may be appreciably less than that which would be 
expected by extrapolation from the subsequent peaks, using 
the two exponential terms referred to. In fact he deduced that 
during the first quarter-cycle the voltage approaches the 
expected sinusoid exponentially with a time-constant of the 
order of a few milliseconds (see the diagram). The recent 
confirmation of these results by modern cathode-ray oscillo- 
graph recording is a tribute to the painstaking care with 
which the early oscillograms (taken by means of Duddell 
electromagnetic oscillographs) were analysed. 

It has recently been required to devise a method whereby 
this phenomenon (with the time-constant of the order of a 
few milliseconds) could be indicated without recourse to 
full-scale short-circuit tests. The method of measurement 
adopted for this purpose, whilst not novel, is relevant to the 
present discussion and will be briefly described below. 

The principle is that of current injection. A half-rectified 
sine wave of current (at 50c/s), with a peak value of the order 
of a fraction of an ampere, is injected into a circuit consisting 
of the generator (single phase, line-line) in series with an 
air-cored heavy-current reactor of comparable and known 
reactance. The voltage across the generator, recorded on an 
oscillograph, is compared with that across the reactor. The 
voltage across the reactor is for all practical purposes a good 
cosine wave, corresponding to a constant inductance, and 
can therefore be used for calibrating. The voltage scale is a 
measure of inductance, and a comparison of the waveforms 


* Mr. Vosper is with = ee Research Association. His letter was received 
on the 20th December 1 

Journal I.E.E., 1957, . p. 274. 

Discussion on ‘The Measurement of the Dynamic Characteristics of Electrical 
Machines’, 19th November 1957 
§ E.R.A. Report Ref. G/T87: 1938. 
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therefore indicates the way in which the generator indu 
varies during this interval of time (namely 1/100th sec). 

It is of particular interest to note that the waveform of 
voltage developed across the generator in this low-cu 
test is in very good agreement with that obtained in the jj 
test. A typical result is illustrated in the diagram. A shor 

An important requirement in this measurement is 
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faithful reproduction of a sinusoidal current, especially during 
the first quarter-cycle. This was obtained successfully 
the veteran Restriking Voltage Indicator described 1} 
Trencham and Wilkinson* in an Institution paper in 193) 
although working outside the time intervals for which it wa 
designed. The addition of a cathode-follower output stage 
increase the output impedance for the larger modern machine 
has proved satisfactory. 

It is evident from these measurements that the flux ¥ 
confined to the stator, and that, at these very low c 
and in the absence of excitation of the main field, 
inductance is rather higher than the sub-transient val 
deduced from the first half-cycle of current in a full-scak 
short-circuit test. It is known from previous work th 
excitation of the main field reduces the reactance measuft 
in the above manner. 

It is interesting to note that this particular phenomen#d 
probably corresponds to the early portion of the curve Dm 
in Tompsett’s communication, referred to above. The magi 
tude of this component may well vary with details of ste 
design, and it should be noted that the measurements refertt 
to above were made on a ‘tunnel-wound’ machine. A si 
effect of comparable magnitude has, however, been observ 
in a machine with open stator slots; but these slots mi 



















approximate to the tunnel type in that they are deep. 

rt. 
* Journal I.E.E., 1937, 80, pp. 460-468. The 
t Ibid., pp. 468-469 (Discussion). base 
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“““*) Weasurements on Commercial 
"of i transistors 


Cu 
the |i 
Ashort review of a Radio and Telecommunication Section 
r (No. 2438) entitled ‘Some Measurements on Com- 
mercial Transistors and their Relation to Theory’, by 
F. J. Hyde, M.Sc., Associate Member. The paper was 
published in January 1958 in Part B of the Proceedings. 
The author is at the Radio Research Station. 


WHEN DEVISING A THEORETICAL EQUIVALENT CIRCUIT FOR 
the diffusion-type transistor it is common practice to 
take as the starting-point the analytical results for one- 
dimensional diffusive transport of minority carriers 
across the base. Now it is not reasonable to expect that 
the practical transistor can be considered as a one- 
dimensional device. The dimensions are finite and small, 
so that the surface of the base must play some part, 
albeit a small one, in determining the properties of the 
‘internal’ transistor; that is, it must be considered as a 
three-dimensional device. A three-dimensional analytical 
treatment is much more complicated than a one- 
dimensional analysis and has the considerable disadvan- 
tage of dependence on the particular geometry involved. 
__—_}0n the grounds of expediency, therefore, it is of interest 
© know how closely a practical transistor can be repre- 
sented by the ideal one-dimensional model, and in 
consequence by the ‘theoretical’ type of equivalent 
n 1g3//cieuit. With this end in view the author has studied 
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A.C. bridge used for measurements of real and imaginary 
Parts of «,, at low frequency 

The internal transistor is the complete transistor less the ohmic 
base resistance rio. 
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several commercial alloy-type and surface-barrier-type 
transistors. 

Three basic parameters which govern the transport of 
minority carriers across the base of the ideal transistor 
are the active base width w, the bulk diffusion constant D 
for minority carriers and their bulk lifetime 7. For each 
practical transistor w has been taken as constant, while 
the symbols D and +, wherever they occur in the one- 
dimensional analysis, have been credited with effective 
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Emitter current, mA 


2 Characteristics of an alloy-junction transistor 


a Variation of t’ with emitter current. 
b Variation of w?/2D’ with emitter current. 


values D’ and 7’, to take account of surface scattering 
and surface recombination respectively. In addition D’ 
and 7’ also include the dependence of D and 7 on the 
density of injected minority carriers in the base. 

Values of the complex low-frequency base-to-collector 
current gain «,,, determined by means of the bridge 
circuit of Fig. 1 (C and R, are variable and R> is a 
10-ohm resistor), lead to values of D’ and 7’ when the 
balance condition of the bridge is analysed in terms of 
the modified one-dimensional theoretical expression for 
«,4. The value of 7’ was also determined independently, 
from the transient decay of the emitter-to-base voltage, 
subsequent to the cutting-off of emitter current. Specimen 
results for an alloy-junction transistor are shown in 
Fig. 2, in which the abscissa is emitter current. In Fig. 2a 
the dashed curve represents 7’ measured by the transient 
method, and the solid curve represents corresponding 
values of 7’ derived from the steady-state measurements. 
In Fig. 2b the variation of w2/2D’ is shown. Using the 
values of w2/2D’ and 7’ so determined, the author 
calculated the so-called cut-off frequency of the internal 
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current gain (a high-frequency parameter) and compared 
it with that determined from measurements at high 
frequency. For alloy-type transistors there was reasonably 
good internal consistency between these two values, and 
it was concluded that the macroscopic results of one- 
dimensional theory could be regarded as applicable to 
such transistors. For surface-barrier transistors agree- 
ment was poorer for two reasons: (i) the emitter efficiency 
of this type of transistor is rather low, and (ii) the 
boundaries between the emitter and base and collector 
and base are markedly curved. 621.382.333 : 621.317.61 


Transistor Drives for Dekatrons 


A short review of a Measurement and Control Section 
paper (No. 2440) entitled ‘Dekatrons and Electro- 
Mechanical Registers operated by Transistors’, by G. B. B. 
Chaplin, M.Sc., Ph.D., Graduate, and R. Williamson. 
The paper was published individually in November 1957 
and it will be republished in Part B of the Proceedings. 
The authors are at the Atomic Energy Research Establish- 
ment, Harwell. 


THE DEKATRON COLD-CATHODE COUNTING TUBE _IS 
recognized as a convenient device for counting events 
which occur at a maximum rate of up to a few thousand 
per second. The two main reasons for its popularity are 
that it consumes little power and it provides a convenient 
indication of the count by the position of the glow 
discharge. Its performance, however, depends very much 
on the method of driving it. Although thermionic-valve 
driving circuits can generate the correct waveforms, the 
high-power dissipation is inconvenient and can adversely 
affect the reliability of the other components. On the 
other hand cold-cathode tubes dissipate little power but 
produce far from ideal driving waveforms, resulting in 
either unreliable operation or in a reduced maximum 
counting rate. By using a transistor as the driving device, 
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1 Guide and blocking-oscillator pulses 


a Specified guide pulses of Dekatron. 
b Blocking-oscillator pulse. 








reliable operation can be obtained at the maximun|3 © 
counting rate and with low power dissipation. 

The waveforms required by the Dekatron are show 
in Fig. la and consist of two pulses, each of 100 volts 
amplitude and 80microsec duration, which are applied 
to the two guide connections of the Dekatron. There}  g:0c¢ 
should be no gap between the two pulses but rather some| 95¢'! 
overlap. Since most transistors will not stand collector 
voltages greater than 30 volts, a transformer is used to | 
generate the 100-volt pulses, and it is then convenient to 
use the same transformer as the feedback element ina 
trigger circuit of the blocking-oscillator type. If the 
waveform of Fig. 1b can be generated in the blocking 
oscillator it should not be difficult to derive the two guide 
waveforms from it. 

The blocking oscillator of Fig. 2 produces a collector 
TRIG! 
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waveform V, of the required shape. The duration of the 
positive half-cycle is determined solely by the trans 
former inductance and R,, and the duration of th 
negative half-cycle is controlled by the potential to which 
the diode D, is returned, since the areas of the V, wave 
form above and below the datum line — V, must be equal. 

Two diodes and a condenser are used to generate the In b 
two guide pulses from the blocking-oscillator waveform is ate 
as illustrated in Fig. 3. The resulting pulses differ from Ps 
those specified in Fig. 1 by the negative spike in the in 
guide 2 pulse, which is, however, beneficial in transferring” 
the glow discharge from guide | to guide 2 and ensurej5 Pow 
sufficient overlap of the pulses. 

A useful feature of the transistor drive circuit is th 
the delay between an input pulse and the resulting cam) 
output pulse does not include the duration of the guid} 
pulses but consists only of the triggering time of # 
transistor, which is a few microseconds. Thus, if se 
Dekatrons are cascaded, the carry is propagated rapi ’ 
resulting in increased accuracy when the Dekatrons # 
used for timing applications such as frequency-divisio 

For counting maximum input rates of less than 10 p# 
second an electro-mechanical register is attractive sile 
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imun| 3 Guide connections Fig. 5 shows a mains-operated power 
+450V pack into which are plugged three out 
hown maiae gov [| of a possible five Dekatron decade 
volts across units. The main chassis is fitted with a 
»plied bs te switch for resetting the Dekatrons and 
There} srockine a three-way switch for normal counting 
Some] OSCILLATOR or applying test pulses from a built-in 
lector cattails oscillator. 
ed to Several Dekatrons which failed to 
ent to Se weenie Sa ais operat’ in a unit driven by cold-cathode 
t ina sidiniaiisicc rise = valves functioned correctly in the -tran- 
f the ic,+'c,  sistor unit, and experience so far con- 
ccking i a ila c firms the expectation of high reliability. 
guide Wt 621,374.32 : 621.385.12 
ip . 
Be * ! wd Half-Wave Magnetic 
Amplifiers 
TRIGGER 
~ 0c7I i cemeene ' 
ee] —ae + asl A short review of a Measurement and 
. " Ve Js. ig Control Section paper (No. 2353) entitled 
=) > | @ -24V ‘Some Aspects of Half-Wave Magnetic 
ByF 2kN ; Amplifiers, by G. M. Ettinger, B.Sc. 
‘ o; site (Eng.), M.Sc(Eng.), Graduate. The 
Fi paper was published individually in April 
530 ~ be R> 1 4° °% 1957 and it will be republished in Part B 
si Ethen Soe, +22v-- +C;@®3+R,) Of the Proceedings. The author was 
Eat si Se Ki ten-eav formerly with Air Trainers Ltd., and is 
J -_ now with the English Electric Co. 
Ve J — 
-24V Fe a. HALF-WAVE MAGNETIC AMPLIFIERS ARE 
On| 4 dtenecsable a sre bea ; 2 finding increasing applications in servo 
igger circuit for electro-mechanical register systems. They have fast response, but 
bl a 2 eed, op 2 _ their sensitivity is-affected by control- 
; circuit resistance, rectifier leakage and 
——| it contains four decades. A typical register requires a imperfect core saturation. In his paper the. aythor 
of th pulse of 24 volts at 5S0mA and of 1/10th second duration considers these effects and develops expressions for 
crane to actuate the electro-mechanical ratchet and hence add optimum turns ratio. He defines a reset factor which 
£ the| One to the count. In the monostable cross-coupled relates the gain of half-wave and full-wave magnetic 
which] out of Fig. 4 the register is in the collector circuit of amplifiers, and he shows that the maximum possible 
ne | J,, which is normally non-conducting. A trigger pulse 








ual | Causes J, to conduct for a time determined by C,, i 
oq 4 
te the R, and R;. 
efom|. 12 both this and the Dekatron circuit the transistor a 
| is bottomed when conducting and so dissipates only a LOAD ’ 
n the few per cent of the power consumed by the load. 
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1 Magnetic amplifier circuits 
a Half-wave. b Full-wave. 
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power gain of a half-wave magnetic amplifier is a func- 
tion merely of the load-circuit Q-factor. Finally, he 
describes various bias circuits and gives details of a 
conductance-controlled magnetic amplifier. 

Operation of magnetic amplifiers depends on the reset 
or decrease of magnetic flux from saturation to a value 
determined by the control current. In half-wave magnetic 
amplifiers (Fig. 1a) this decrease is opposed by currents 
induced in the control circuit. Therefore, the current gain 
falls as the control-circuit resistance is reduced (Fig. 2a), 
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2 Variation of gain with magnetic-amplifier parameters 


a Effect of control-circuit resistance on current gain (computed) 
for various turns ratios. 

b Effect of control-circuit resistance on power gain (computed) for 
various turns ratios. Broken curves show power gain of corre- 
sponding full-wave magnetic amplifiers. 


and the power gain passes through a maximum as 
indicated in Fig. 2b. In full-wave magnetic amplifiers 
(Fig. 15), on the other hand, the control current can be 
established over several cycles, so that the effect of 
control-circuit resistance is less serious. Analysis and 
experiment show the effects of reverse resistance of the 
self-excitation rectifiers to be qualitatively similar to 
those of control-circuit resistance. 

Increasing load-circuit phase angle reduces the time 
which is available during each cycle for reset. Since the 
permeability of ‘square-loop’ core materials remains 
much greater than unity when saturation has been 
reached, magnetic-amplifier load circuits are inductive, 
even where the external load is purely resistive. Imperfect 
core saturation leads, therefore, to a reduction of the 
sensitivity of half-wave magnetic amplifiers and must be 
considered in the computation of gain. 





The author considers various means for providing bias V; 
in half-wave magnetic amplifiers. Both d.c. and a.c. bias 
circuits are described, their effect on line-voltage depen. 
dence is discussed and a technique termed part winding 
a.c. bias is recommended for highest gain. 

The complete expression for the current gain S ofa her 
half-wave magnetic amplifier with perfect rectifiers js sich 
shown to be ‘out 


_ IN, v oe 0)R. 
5= 55, or ' exp| cuWaNi |} *@ 
which reaches a maximum of 
Smax = 0°18+/(R,JwL)Q, . - . Q) 


where NV, and WN, are control and load turns, Q, is the 
unsaturated load-circuit magnification, wl is the load- 
. . . ae . NPI 
circuit reactance, @ is the saturated load-circuit phase} yt 
angle and R, is the control-circuit resistance. It follows 
from eqn. (2) that the maximum power gain Ama, of a 
half-wave magnetic amplifier is given by 


Aun = O03820, . . . . 


Allowance for a rectifier leakage resistance R, several 
times greater than the load-circuit reactance may be 
made simply by writing for R, in equations (1) and (2)}Thus 
an effective resistance equal to the parallel connection off frequ 
R, and the reflected value of Ry. tempi 

Expressions developed in the paper for magnetic-4affect 
amplifier gain in terms of rectifier and control-circuit}fer. | 
properties are compared with experimental results forjthe ré 
magnetic amplifiers wound on HCR metal, Mumetal andj The ! 
Permalloy F cores. 621.3753§ coup! 
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A short review of two Measurement and Control Section 


Transistor High-Gain Chopper-Type D.C. Amplifier’, 
G. B. B. Chaplin, M.Sc., Ph.D., Graduate, and A. RB 


Owens, M.Sc., Graduate. The papers were publis It i 
individually in July and November 1957, respectively, anthdrift \ 
they will be republished in Part B of the Proceedings. Tiisistor: 
authors are at the Atomic Energy Research Establishment{nique: 
Harwell. know: 

hopp 
IN MANY APPLICATIONS IT IS A RELATIVELY SIMPLE PR switch 
to redesign valve circuits for transistors, and so obtailjinput 


the many advantages which the use of transistors 
confer. However, owing to the extremely tempera 
sensitive nature of semi-conductors, the application 
transistors to the field of d.c. amplification is beset wi 
difficulties. The three main parameters which are aff 
by temperature are the leakage current, the emitter- 
base voltage, and the emitter-to-collector bottomi 
voltage. 
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ing bias} Various leakage currents may be measured in a 
-C. bias} -ansistor, depending upon how the electrodes are 
depen. connected together, but it can be shown that all are 
winding related to the reverse leakage current i.9 of the collector 
junction by approximately constant factors. The depen- 
Ss of a dence upon temperature in the normal working range is 
fiers § such that (for germanium junction transistors) i,9 is 
doubled for a rise in junction temperature of about 8° C. 





' (1) +5 VOLTS 
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be used to perform the functions S, and S,. A transistor 
used in a clamping circuit shows a high collector impe- 
dance of the order of 1 megohm when it is cut off, and a 
low collector impedance of about 10ohms in the bot- 
tomed condition. The drawbacks of such a transistor 
used as a modulator are that a leakage current flows into 
the signal source in the cut-off condition, and an emitter- 
to-collector voltage drop of about 20mV in the bottomed 
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nay be 
and (2)|Thus a typical value of ig of 3A at 20°C for a low- 
tion offfrequency transistor becomes SOuA at 50°C. The 
temperature-dependence of the leakage currents also 
ignetic-|affects the emitter-to-base voltage of a transistor ampli- 
-circuit| fier. For germanium transistors this voltage decreases at 
ilts for|the rate of about 2-4mV/° C as the temperature is raised. 
tal and} The limitations set upon the use of transistors in directly- 

621.38} coupled amplifiers are thus quite serious, an input drift 
of 70mV and S5O0pA being predicted from the above 
figures for a simple amplifier working in the range 
20-50° C. 

To overcome the effects of temperature, balancing 
techniques may be used, the object being to balance 
jtemperature-induced variations in one transistor with 
Section what are hoped to be equal variations in another similar 
insistoynit. Such a circuit is shown in Fig. 1. Considerable 
and ‘“Madvantage may be gained in this way at the expense of 
tedious adjustments, the input drift being reduced to the 
order of | mV and 1A for the temperature range quoted. 

It is difficult to obtain much further improvement in 













ly, and\drift with direct-coupled amplifiers and the same tran- 
gs. 1Msistors, but modulated (chopper-type) amplifier tech- 
shmentjniques can be used to attain lower drift figures. A well- 


known system is shown in Fig. 2. The modulation or 
chopping of the direct input current is carried out by the 
Siswitch S,, which periodically diverts the current from the 

input terminal of the a.c. amplifier. The input signal is 


rs calithus a rectangular pulse whose amplitude varies with the 
ra irect input current. This signal after amplification is 
tion Odemodulated by a second switch S, operating in 


ynchronism with S,, and the resulting output is smoothed 
y an integrating circuit R/C>. If the output signal is of 
ite sign to that of the input, negative feedback may 
applied by means of resistor Ry in the usual manner. 
Transistors have good switching properties and may 


1.E.EFEBRUARY 1958 





condition appears in series with the switch when clamped. 
Both these quantities are temperature dependent and 
result in drift. 

By reversing the emitter and collector connections, an 
improvement of about 20 times may be obtained in both 
the magnitude and drift of the leakage current and 
bottoming voltage, the drifts now being about 10uA 
and 100 /V respectively. Unfortunately the current drift 
is still relatively large and is more serious than the 
voltage drift for source resistances greater than a few 
tens of ohms. However, it is possible to eliminate this 
current drift and replace it by an effective current drift 
several orders of magnitude smaller. A typical input 
chopper circuit designed to accomplish this is shown in 
Fig. 3. In this circuit provision is made for backing-off 
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the standing error appearing at the emitter when the 
transistor is bottomed and the base circuit is designed to 
prevent the flow of leakage currents when the transistor 
is in the open-circuit condition. 

The a.c. amplifier may consist of a chain of con- 
ventional a.c.-coupled transistors. An interesting alterna- 
tive, shown in Fig. 4, consists of a direct-coupled amplifier 
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4  Four-stage a.c. amplifier, with a gain of 20 volts]A 


with two loops of local negative feedback and an overall 
d.c. feedback loop which stabilizes the bias points for 
the whole amplifier. The overall feedback loop contains 
a capacitor C, which prevents the bias stabilizing feedback 
from interfering with the gain at the operating frequency. 
Since the capacitors at the input and output terminals are 
essential components of the input and output chopper 
circuits, the a.c. amplifier itself contains only one capaci- 
tor, and thus the response is dependent upon only one 
low-frequency time-constant, a factor which greatly 
reduces the problem of instability in such a high-gain 
system. The gain of the a.c. amplifier is defined by the 
local feedback loops and has a value of 20volts/uA over 
a band extending from 60c/s to 20kc/s. 
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5 Experimental model of d.c. amplifier 
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from British Insulated Callender’s Cables. 
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A complete d.c. amplifier system incorporating th 
choppers and a.c. amplifier described above has , 
chopping frequency of 1-6kc/s, an open-loop gain of 
50volts/uA with a bandwidth extending from zero (dc) 
to 25c/s. Current drifts of about 4 x 10~%amp in th}. 
range 20-50°C or 2:8 x 10-%amp in the range 20-35e¢} bit 
are obtained with this amplifier, with a curtnce- 
transistor as the input chopper, whilst in bench operation ROBE 
at room temperature the drift is a decade less. Robert 

Fig. 5 shows an experimental model of the complet}/5th J 
d.c. amplifier, consisting of an input chopper, a four)? 
transistor amplifier, a two-transistor output stage, a aa 
output chopper, and a two-transistor generator — 
supplying the operating waveforms for the choppen} In 1 
Such an amplifier has the advantages of being venpmmb 
insensitive to external interference in the form of pick-up bten 
and is also non-microphonic. Co., W 

These inherent properties of transistors are especialhjengine 
valuable when a 50 c/s carrier must be used. An exampkjwhere 
of such a system consists of a 50c/s mechanical chopper er 

. : A , , : nis 
combined with a high-gain transistor a.c. amplifier. Th}, ona 
sensitivity is such that a 10yuV input signal from adput he 
thermocouple is sufficient to close a relay at the outpyflnspect 
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SYNOPSIS OF A PAPER ss 
Open Installation of Cables =e 
A synopsis of a Utilization Section paper (No. 2484 Een 
entitled ‘The Case for Open Installation of Metal-Sheathelh,.., i. 


Cables, with Some Notes on Construction’, by Whworksh 
Holttum, M.Eng., Member. The paper is published thigiie anc 


month in Part A of the Proceedings. The author is retire ow 


an of 
THE PAPER IS AN EXTENSION OF AN EARLIER PAPER BY Tiff ed ~ 
author, which gave details of the incidence, togethe..... i, 


with an explanation, of the large amount of shealif mr. 

fracture experienced with lead and lead-alloy-sheathed}916 ar 

cables run on hooks. The conclusion was reached thatptland 
with correct design, satisfactory life can } 


obtained for cables so installed. LESL 

As a result of that work the author has beet lie 
led to the further conclusion, briefly recordé ee 
in the discussion on the earlier paper, thal} yjs , 


contrary to the common view, installation ompttende 
spaced supports is preferable to any othep24 a 
method where this alternative is available. ret 

The reasons for this conclusion are disCussefoined j 
and the consideration of construction Ofppren 
spaced supports is extended both as to methodpositio: 
and analysis of behaviour. A new method, ef oa 
ploying pairs of supports instead of simpg,,,. 
ones, is described. ounter 

The principles and conclusions are applicabimeter f 
to lead- or aluminium-sheathed cables of solide ap 
oil-filled, or gas-pressure type, and to com ora 
munication cables. 62131528 1 1¢ 
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0-35°¢| Obituary notices of only Honorary Members, Members and Companions are published in the Journal. 


ee ROBERT ALEXANDER STEWART BOYTON 
Robert Alexander Stewart Boyton, 0.B.E., who was born on the 
Omplete} !5th June 1885, died on the 16th August 1957, at Convoy, Co. 
a four Donegal. He was educated at Trinity College, Glenalmond, and 
This time there was followed by a four-year electrical engineering 
age, couse at Faraday House, with practical training with Plenty and 
tor fortsons, Newbury, and with Staleybridge Hyde. 
1oppen} In 1908 Mr. Boyton joined the British Westinghouse Co. as a 
ng ven ‘member of the distribution erection staff in connection with work 
ick ‘Hfor the London County Council tramways. A year later he was 
PICK-ap, appointed Inspection Engineer with the Mexican Light and Power 
Co., Mexico City, and in 1912 he went to Canada as an erection 
specialh} engineer on the staff of the Canadian Westinghouse Co., Hamilton, 
exampk} where he was in charge of the erection and maintenance of 
chopper installations for the Western Provinces. 
: In 1915 he returned to Great Britain to join the staff of the Royal 
ler. The Arsenal, Woolwich, as Assistant Inspector of Fuse Production. 
from aBut he returned to Canada the next year to be employed as Chief 
: Output inspector, Imperial Munitions Board, Ottawa, on examination of 
1.375,4q uses and ammunition for the Dominion. For this work he was 
appointed an O.B.E. in 1918. After a period in 1918-19 as Chief 
——— Inspector, Canadian Willis Overland Co., he worked as a consulting 
fengineer from 1919 to 1932. In 1932 he was appointed Manager 
and Engineer of the Antrim Electricity Supply and Distribution 
Companies in Northern Ireland. Mr. Boyton retired from active 
duties in 1947 on the acquisition of the companies by the Electricity 
Board for Northern Ireland. 

, During his retirement, he interested himself in the daily affairs 
h of running the estate, one of the largest in Co. Donegal, which he 
neal ‘fiad inherited from his elder brother, and in his well-equipped 
by Wi orkshop. He found further leisure for the enjoyment of country 
hed thi@ife and pursuits, and in nature study and photography, in which 
; retire’ had always taken a keen interest. He took an active part in 
local church affairs, and in particular the Boy Scouts. He was a 
an of genial and generous nature with a very wide circle of friends, 
BY THP°! only in the electricity supply industry, but among the many 
— embers of the community with whom he was in touch over the 
08! ears in his professional and social activities. 

sheatif Mr. Boyton joined The Institution as an Associate Member in 
heathed#!916 and was elected a Member in 1935. He served on the Northern 
ed thatPtland Section Committee 1936-37. 7.4. 
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LESLIE HENRY DANIEL 


oo Ae eslie Henry Daniel, M.SC.(ENG.), who was born on the 26th April 
1906, died at Burton-upon-Trent on the 14th September 1957. 
‘T, Mie) His untimely death brings to an end a wide and varied career. He 
tion Ofattended Woolwich Polytechnic Secondary School from 1916 to 
othe!924 and started his technical education at Queen Mary College, 
ole. here he graduated in 1927. He spent a further year there on post- 
: praduate research, and obtained an M.Sc.(Eng.) degree. He then 
Cus “poined the British Thomson-Houston Co., Rugby, to take a student 
10N 0 Apprenticeship; at the end of it in 1931 he was appointed to a 
metho@position in the Electrical Research Association, in which he became 
od, ene" €xpert on radio interference suppression. 
r cing In 1939 he was seconded to the Admiralty; he worked in the 
“Bhore establishment, H.M.S. Vernon, where he was engaged in 
, countering the magnetic mine. He developed a special magneto- 
plicabimeter for obtaining the magnetic characteristics of individual ships. 
»f solidfhe application of degaussing equipment followed. Later, when 
0 col ansferred on loan to the Ministry of Supply, he was responsible 
21.3180 or developing electrical methods of detecting deeply buried mines. 
7 In 1942 he began a long association with fighting vehicles. Part 
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of his early work was concerned with the problem of radio inter- 
ference suppression, not only the development of satisfactory 
methods of suppression, but also methods of measurement and the 
determination of acceptable levels of interference. Later, in 1946, 
he became a permanent member of the Ministry of Supply, holding 
the post of Assistant Chief Engineer (Electrical) at the Fighting 
Vehicles Research and Development Establishment, and was 
responsible for all electrical development. Promotion to Deputy 
Chief Engineer followed, in which capacity he had general responsi- 
bility for the design and development of all tracked armoured 
vehicles. His main work was the conception of the Conqueror, 
Britain’s biggest tank, and his policy and his drive in the painstaking 
development and improvement of the Centurion have resulted in its 
very high efficiency and reliability, which are reflected in the 
remarkable export trade in these vehicles. 

Mr. Daniel was appointed Director of a new branch of the 
National Coal Board in March 1954—the Central Engineering 
Establishment, formed to develop and test new methods and 
equipment for coal production. Starting with a bare field at Bretby 
in Derbyshire, he threw all his energies into the design, construction 
and equipping of the establishment, which now stands as a monu- 
ment to his labours. As the buildings took shape, he gathered 
around him a personally selected team of engineers, which he 
inspired with a remarkable driving force; anyone who came into 
contact with him could not fail to feel the effect. 

He was a man of considerable foresight and administrative 
ability and a great believer in personal contact. A seemingly jocular 
exterior covered a deep interest in human nature. Many have 
profited from his advice and reasoning. He was a keen gardener, 
although his work at Bretby left him with little time for this hobby. 
Although never an active participant, he enjoyed the cut and thrust 
of politics, being a master of repartee. 

He was a member of a very united family. He leaves a widow and 
two sons, both of whom are now serving apprenticeships with 
engineering firms. 

He joined The Institution as a Student in 1925 and was elected a 
Graduate in 1929, an Associate Member in 1934 and a Member in 
1946. He served on the Measurements Section Committee 1947-50 
and the Informal Meetings Committee 1948-50. He wrote a joint 
paper with Dr. G. Mole, entitled ‘The Measurement of Interference 
at Ultra-High Frequencies’, which was published in the Journal in 
1941. i. 1. T 


ANDREW HOWARD GORDON 


Andrew Howard Gordon was an Aberdonian, born on the 18th 
October 1881, the son of a banker who became Manager of the 
Union Bank of Scotland, Cornhill. He was educated at University 
College School and at a Moravian school in Germany. On leaving 
school in 1897 he began his engineering education by taking a 
year’s mechanical course at the City and Guilds Technical College, 
Finsbury. He then served a three-year apprenticeship with the 
New Southgate Engineering Co., and in 1901 attended the Finsbury 
Technical College again to take a two-year electrical engineering 
course under Silvanus P. Thompson. This was followed by two 
years’ practical training with the British Westinghouse Co. 

In 1905 he joined Mather and Platt Ltd., Manchester, and in 
1909 was transferred to London. Here he became a keen member 
of the London Scottish Volunteers. While in Manchester he 
married Agnes Stewart Coubrough, the daughter of Antony Sykes 
Coubrough of Blanefield. 

In 1913 he went to Buenos Aires to take up an appointment as 
Manager and Chief Engineer for Mather and Platt, but in 1915 
returned to England, at his own expense, to do war service, first at 


91 





Gretna Green and then, with a commission in the Royal Engineers, 
in Palestine and elsewhere in the Middle East. 

With the 1914-18 War over, he founded an agency for British 
engineering firms in Shanghai and then, in 1923, became Chief 
Engineer and Manager at Shanghai for Callender’s Cable and 
Construction Co. in China. Stormy times for China lay ahead, and 
he had stirring adventures during the Civil War in 1926. Next came 
a great deal of travelling in the interior, often with his wife as his 
companion. After her death in 1931, his daughter took her mother’s 
place and made many journeys with him in parts of China little 
known to Europeans. 

In 1931, when North and South China were at war, he served in 
the Scottish unit of the Shanghai Volunteer Corps to protect the 
boundaries of the settlement from turmoil. Later came more 
travelling up the rivers, in which he supervised the installation of 
many submarine-cable river-crossings. In 1936 he became a partner 
in the firm of Marden and Co., and lived on a houseboat on the 
Whangpoo, until the Sino-Japanese War forced him to leave the 
river. About 1941 he ran a camp-farm, largely for indigent Euro- 
peans, many of them old Scouts and Rovers (he was a Com- 
missioner of Boy Scouts in Shanghai), bicycling to the office every 
day, ten miles each way. He was later arrested by the Japanese, 
along with other prominent Europeans, but was well treated, though 
of course poorly fed. He was interned at Haiphong from 1942 until 
1946, and then transferred to Peking in a wired-in cattle truck on a 
journey lasting three days and nights. 

After peace returned, his business was re-opened and he was 
most hospitably entertained by his many old Chinese friends, for 
whom he had great affection. He became Master of his Masonic 
Lodge, and was awarded the Silver Wolf of the Boy Scouts. He was 
also a Rotarian. In 1949 he went sick and left China for good, 
retiring to New Zealand to be near his daughter, who was living 
there. Some years later he returned to England, and afterwards 
died in Malta. 

All his life he was a most gregarious man, with a real appreciation 
of his fellow-mortals, of whatever race or creed. He loved China 
wholeheartedly and gave her of his best. He was full of life and 
energy. To see Howard Gordon dancing, with his head thrown 
well back and enjoying every minute of it, was a thing never to be 
forgotten, and many regret the passing of this tall handsome Scot, 
with his wavy hair and his bright challenging eye. 

Mr. Gordon joined The Institution as a Student in 1902 and 
was elected an Associate Member in 1907 and a Member in 1934. 

W. G. H. 


JOHN SEDGWICK PECK 


John Sedgwick Peck, M.£., a former Director and Chief Electrical 
Engineer of the Metropolitan-Vickers Electrical Co., who died on 
the 17th October 1957, was born in New Haven, Connecticut, on 
the 30th November 1871. He graduated from Cornell University 
in 1892 with the degree of M.E. and, after a short period with the 
Eddy Electrical Manufacturing Co., entered a student apprentice- 
ship with the Westinghouse Electric and Manufacturing Co., 
Pittsburg, in 1893, with a salary of $1 per day. 

In 1895 the works of the company were moved to East Pittsburg, 
with the late Mr. P. A. Lange as General Works Manager, and 
Peck became Chief Engineer, Transformer Department, taking 
charge also of lightning arrester development. He transferred to the 
British Westinghouse Co. in 1904, and when Lange joined the 
company as General Manager of Works in 1906, he took Peck 
onto his personal staff as Consulting Electrical Engineer. In 1915 
Peck succeeded Rosenberg as Chief Electrical Engineer, and in 
1928 he became a Director of the company, by then known as the 
Metropolitan-Vickers Electrical Co. He retired in June 1941 after 
more than thirty-six years’ service. 

Since entering the electrical engineering profession as a young 
man, Peck had played a leading part in the development of the 
industry. Besides having responsibility for all advances in electrical 
design made by his company, he rendered valuable service in the 
selection of staff; a sound judgment enabled him to assemble a 
team who soon became recognized as experts in their own line. 
Always a consistent supporter of national and international 
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standardization in engineering, he was generous in allowing }j 
engineers to serve on B.S.I. and I.E.C. committees, and he wy 
himself a member of the main Electrical Industry Committee of th 
B.S.I. for some years. 

During his long career Peck took a deep interest in the soci) 
life of the works, and few can have done more to encourage tk 
spirit of good comradeship and mutual help. He was a found, 
member of the Metropolitan-Vickers Lawn Tennis Club (beix 
himself a keen player and presenting a cup which is still compete 
for), and the opening of a new bowling green at the British Westi 
house Club in 1912 was celebrated with a match between Peck anj 
Lange. Always a keen golfer, he continued to play regularly 
within a few months of his death. The regard and affection j 
which he was held by his many associates is best typified by 
title ‘Father Peck’, by which he became known. 

Mr. Peck joined The Institution as an Associate Member in 19% 
and was elected a Member in 1907. He served on the Manchest, 
Local Section Committee for a number of years, being Chairmay 
1910-11, on the Manchester Students’ Committee, and on th 
North-Western Centre Committee. He wrote several papers whid 
were published in the Journal of The Institution, including ‘Pr. 



























tective Devices for High-Tension Transmission Circuits’; ‘Flywhelf Tt 
Load Equalizers’, for which he was awarded a premium; ‘Eartheif intro 
Versus Unearthed Neutrals on Alternating-Current Systems’, fo vat 
which he was awarded the Paris Premium; and ‘The Paral mad 
Operation of Electric Power Stations’. C.D, gene: 

table 
WILLIAM PHILLIPS affec 


William Phillips, who died on the 10th October 1957 at his hom 52°: 
in Blackheath, was born at Berkhamsted in 1877. He was educateif these 
at Berkhamsted School and received his technical training at th form 
City and Guilds Central Technical College. Here he obtained Th 
diploma and also a silver medal for electric light and power, 4 Stan 
subject then in its infancy. tougl 

After a short period with Verity’s Ltd., he joined Elliott Brothes 








in September 1896 and he was still in active service with the Ai 
at the time of his death. He thus completed 61 years of contin in B 
service. Mr. Phillips was for many years Chief Engineer to P 
company, and in that capacity he also took control of the company) 
first research laboratory, which was opened in 1928. In his BS. 
years he acted in an advisory capacity on electrical measurement) Equiy 
patents and instrument bibliography. This 
At various times Mr. Phillips served on many electrical eng 1954 
neering committees, namely those of the British Standards Insti and \ 
tion, the Electrical Research Association and the British E is 
and Allied Manufacturers’ Association, and he was chairman of the sf 
number of them. He was made an Honorary Member of the ‘ype 
for his services. been 
He was responsible for many of the early designs of el flexib 
measuring instruments, a number of which, except for use ir 
modifications, are in production to this day. Mr. Phillips} the m 
enthusiasm for the development of new ideas was unlimited. Al Tp, 
outstanding engineer, particularly in the electrical instrument 164 ini), 
he devoted many years of his life to obtain more reliable and 0 define 
accurate electrical measuring instruments. He was a pioneer! insula 
instrument transformer design, and he introduced the hg 
permeability nickel-iron core into current transformers to produq 
the first real precision instruments of this kind. miner 
Mr. Phillips was an inspiration to all those who worked with hia of B. 
and he had a keen sense of humour, as was often illustrated bf insula 
many of his tales of his early engineering experiences. In betweq for us 
his many activities, “‘W.P.’, as he was affectionately known t00§ short] 
colleagues, found some time for his favourite diversions, 1 ; 
growing, lawn tennis and golf. He became a founder member of th 
Elliott Long Service Association in 1928 and was President oft BS. 1 
Association from 1945 onwards. A Bri 
Mr. Phillips joined The Institution as an Associate in 1898 ® publis 
was elected an Associate Member in 1905 and a Member in 191 domes 
He was Chairman of the Meter and Instrument Section 19414 and ¢ 
and wrote a Progress Review on ‘Electrical Measuring Instrument finishe 
which was published in the Journal. H. D.! 
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ub (being Copies of the following publications can be obtained from the 
competil British Standards Institution, 2 Park Street, London, W.1. 


| Westi 
are post free. 
Peck ani The prices given are post fr 


zular! 
aaa B.S. 7: 1953 Rubber-Insulated Cables and Flexible Cords for 


ed by tht Electric Power and Lighting Amendment No. 3 (P.D. 2935) 
Is. 

The two principal purposes of this amendment are to substi- 
Chairma) tute references to B.S. 2899 for the existing requirements for 
don th} Tubber insulation and sheath and to provide for the manu- 
ers whi facture of the smaller sizes of braided and ee ag 


ems, fl values of minimum insulation resistance specified for cables 
> Paral made with this kind of insulation. The new values are 
-'s generally about 25% of those formerly required. Revised 
tables of dimensions are given for those types of cable 
affected by the omission of proofed tape from the smaller 
his home} SiZ€S and the opportunity has been taken to specify some of 
educatif these dimensions to a greater degree of accuracy than 
ng at tk| formerly, to obviate difficulties in inspection. 
btained:} The amendment makes a number of other changes in the 
power, if Standard which affect house-service overhead system cables, 
tough-rubber-sheathed flexible cords and unkinkable flexible 





Brothes} cords, 
‘ ee A number of other amendments necessitated by the changes 


-_ “| in BS. 7 have also been published. 


om 
ag BS. 883: 1958 Cables and Flexible Cords for Electrical 


urements} Equipment of Ships 15s. 
This revision aligns the Standard with B.S. 7: 1953, B.S. 480: 
ical €8} 1954 and B.S. 608: 1956 for rubber-insulated, paper-insulated 
is Instituy : “a : 
and varnished-cambric-insulated cables respectively, as far as 
Electrica é a : te 
aaa the special conditions of shipboard use permit. One additional 
the BSI type of cable, polychloroprene-sheathed without braid, has 
been introduced. Tough rubber-sheathed cables, apart from 
electric flexible cables and flexible cords, are no longer specified for 
or mise} use in ships; they have been superseded for this purpose by 
Phillips} the more fire-resistant polychloroprene-sheathed cables. 
nited. _ The quality of rubber insulation, rubber-like fire-resisting 
ss insulation, rubber sheath and polychloroprene sheath is 
defined by reference to B.S. 2899. The requirements for paper 
jioneer i 
he his insulation and varnish-cambric-insulation are similar to 
; produ hose of B.S. 480 and B.S. 608, respectively. The section on 
mineral-insulated cables has been omitted from this edition 
with hin of B.S. 883, because a new British Standard for mineral- 
trated bf insulated cables, which will be equally applicable to cables 
) betweq for use on land and in ships, is expected to be published 
wn to D9 shortly. 
ons, 10 





of th 
<a BS. 1645: 1957 Domestic Electric Vacuum Cleaners 6s. 
A British Standard for domestic vacuum cleaners was first 
1898 ® published in 1951 as part of a series to promote safety of 
r 7 domestic appliances by specifying appropriate tests and design 
vn ne and constructional details. A new series of tests on the 
4 inished product is specified in this revision of the Standard. 
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Typical is the test for ‘impact strength’, which requires that 
every potentially weak point of the cleaner should be subjected 
to three blows by a striking element with an impact energy of 
4-4in-lb. per blow. Typical points to be tested are handles, 
knobs, levers, and so on. The test must leave the cleaner 
undamaged within the specified meaning of that term. Many 
other type tests are provided for. 

With a view to assisting manufacturers to design vacuum 
cleaners suitable for both home and export markets, steps 
have been taken to bring the Standard more closely into line 
with the relevant specification for motor-driven appliances 
issued by the International Commission on Rules for the 
Approval of Electrical Equipment (C.E.E.). Hence the 
inclusion of the C.E.E. tests for ‘impact strength’ and 
‘resistance to tracking’. 

Manufacturers who make their products conform with this 
Standard are required to indicate the fact by including the 
number B.S. 1645 on the name plate, or they may apply for a 
licence to use the ‘Kite’ mark, as one prominent firm has 
already done. 


B.S. 2914: 1957 Surge Diverters for Alternating-Current 
High-Voltage Power Circuits 8s. 6D. 
The surge diverters (lightning arresters) specified in this new 
Standard are primarily for protecting high-voltage equipment 
installed in power stations or substations connected by 
overhead lines. More specifically, the diverters are of the type 
which contain a single or multiple spark-gap in series with one 
or more non-linear resistors for use on alternating-current 
power circuits at system voltages of 1-1 kV and upwards. 

Lightning arresters are being made the subject of an 
international recommendation by the International Electro- 
technical Commission; and the work of the relevant 1.E.C. 
committee has been taken into account. 

Two of the three principal sections of the Standard are 
devoted to testing, which is of three kinds: 


(i) Type tests for demonstrating compliance of a given design 
of diverter with the standard. 


(ii) Sample tests made at the purchaser’s request on a 
proportion of the diverters in an order. 


(iii) Routine tests made by the manufacturer on all diverters. 


B.S. 2917: 1957 Graphical Symbols for Use in Diagrams for 
Fluid Power Transmission and Control Systems . 8s. 6p. 


The symbols in this new forty-page Standard are for use in the 
general field of engineering, excluding aircraft engineering. 
Specifically, they are basic symbols for transmission and 
power control systems employing a hydraulic liquid or gas, 
They are shown in conjunction with rules for their 
use. 

The Standard is similar to the Joint Industry Conference 
Code in use in the United States; and it is in accord with the 
American Standards Association Code which has been drafted. 

In Section One many symbols are illustrated and concisely 
annotated, and simplified symbols are shown for complicated 
arrangements. Section Two is devoted to composite symbols. 
Section Three includes nine complete diagrams for machines 
and equipments. The diagrams illustrate the use of the 
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symbols for very detailed cases, and will prove of considerable 
assistance to draughtsmen and illustrators. 

Taken as a whole, the three sections of the standard show 
the development of basic symbols into complicated general 
equipment arrangements as well as showing the method of 
indicating actuation. 


B.S. 2918: 1957 Determination of Electric Strength of Solid 
Insulating Materials at Power Frequencies for Industrial 


Purposes 6s. 

The tests described in this Standard are intended to be used 
for purposes of investigation and design, and also as control 
and routine tests in specifications. 

The appendices contain recommendations on the selection 
of test procedures, on the most suitable form of testing 
equipment, and on matters which should be included in any 
description of an electric-strength test. 


B.S. E.24: 1957 Nyvin Type Electric Cables for Aircraft 
7s. 6D. 


This new Standard specifies requirements for cables having 
an insulation of p.v.c. compound and glass braid with a 
protective covering of nylon. Provision is also made for a 
range of cables with an outer covering of metal braid. 

The cables are suitable for use in aircraft circuits in which 
the voltage between conductors, between the conductor and 
metal braid surrounding it and between a conductor and the 
aircraft structure does not exceed 600 volts (r.m.s.) and in 
which the frequency does not exceed 1600c/s. They are 
suitable for use where, in continuous service, no combination 
of ambient temperature and conductor current produces a 
stabilized conductor temperature in excess of 90°C. 

The cables are suitable for fixed wiring in aircraft at 
temperatures down to —75°C, but are not suitable for severe 
flexing at temperatures below —30°C. They do not support 
combustion, and they are suitable for use in areas where 
ester-based fluids are present. 

The Standard specifies the requirements for materials used 
in the construction of the cables; other requirements deal 
with dimensions, identification, packing and labelling. Details 
are also given of type tests, production routine and production 
quality tests. 


B.B.C. 


B.B.C. Handbook 1958 5s. 


This annually published book gives a full account of the 
constitution, administration and finances of the B.B.C., of its 
home and oversea services, its programme policy and its 
relations with the public and with other countries. The 
Engineering Division now has a staff numbering over 5000, 
of whom over 3000 are technical personnel. The B.B.C. 
operates fifty-three sound transmitting stations and seventeen 
television stations, and in addition there are thirty-nine 
high-power transmitters for oversea broadcasts. The book 
describes the latest techniques used by the B.B.C. for making 
studio and outside broadcasts and for the recording of sound. 
It also outlines the type of work at present being carried out 
in the Specialist Departments—research, design, installation 
and building. 

A review of broadcasting over the past year reveals that 
the interference with medium-wave broadcasts by foreign 
stations increased considerably during 1957, and the only 
solution has been to further the development of v.h.f. broad- 
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casting. More v.h.f. stations were brought into service, ang 
by the end of 1958 some 96% of the population will 
covered. Interference with B.B.C. television reception wa; 
also experienced owing to increased solar activity, which may 
be expected to decline in the course of the next few years. Th 
effective radiated power of the Crystal Palace transmitter ha; 
been doubled to 200 kW, and the coverage of B.B.C. televisioy 
exceeded 98 % of the population by the end of 1957. Work on 
colour television continued, and a further series of tey 
transmissions began in October 1957, using the N.T.S.cC 
system adapted to suit the 405-line standard. 

A considerable amount of reference information, including 
tables, maps and charts, is included at the end of the book, 


NATIONAL COAL BOARD 


Information Bulletin No. 57/188 Electrical Accidents a 
Collieries (with special reference to the Effects of Electric 
Shock) 

This interesting and very readable report describes the effects 
of electricity on the human body. Although its title relate 
especially to collieries, it is applicable to a much wider rang 
of industry; it is indeed of a general nature. The first section 
outlines the medical aspects of electricity; namely, the effect; 
of flash, including burning; electrical necrosis (death of 
tissues subjected to heavy current); and electric shock (the 
effect on the heart and brain). 

This section is followed by an electrotechnical analysis of 
many accidents, both fatal and non-fatal, giving values of 
electric current for the thresholds of perception, of muscular 
decontrol, of danger to life, and of fibrillation. A concis 
account is given of various researches carried out to ascertain 
the electrical resistance of the body. The results show a 
variation of 100-10000ohms for conduction between the 
hands, but Freiberger has demonstrated the importance of the 
epidermis (outer layer of skin), which offers greatest resistance 
to electricity. When contacts were made below the epidermis 
the resistance between hand and feet was constant at 600 ohms 
at all voltages. The epidermis raises this value to abou 
100000 ohms, but is, strongly voltage dependent and varies 
with the toughness of the skin. Breakdown of the epidermis 
of the finger begins at 20 volts a.c. and is virtually complete 
at 400 volts. Resistance to direct current is 20-40% greater. 

The analysis of the data relating to electrical accidents a 
collieries proved to be difficult, owing to the diversity of th 
figures. One case was recorded of a young man dying from 
a half-minute contact with 56 volts a.c. between the hands 
under dry conditions, while another case showed that: 
3-second exposure to 3 300 volts a.c. between hand and feel 
under damp conditions failed to render a 45-year-old man 
unconscious. These are extreme cases and may be due t 
inaccurate data. The report derives average values of voltage, 
duration of contact, shock current, electric charge and totdl 
electrical energy passed, for both fatal and non-fatal accidents 
The ratio of these values, fatal to non-fatal, were: 
2°17 31 
23 31 Energy passed 


Charge passed 3-4 31 
10:1 


Duration 
Shock current 

In conclusion there are a few paragraphs on the treatment! 
of electrical injuries, which stress the need for immediatt 
artificial respiration for an unconscious patient, and the u* 
of oxygen as soon as possible. 

The report may be obtained free of charge from tk 
National Coal Board, Hobart House, Grosvenor Plac, 
London, S.W.1. 


JOURNAL I.E.E 
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E. G. CULLWICK 
ELECTROMAGNETISM AND RELATIVITY 
LONGMANS, GREEN. 1957. 299 PP. £3 35. 


This is an important and timely book. Few electrical engineers 
would admit to being ignorant about electromagnetism, 
which is the foundation-stone of all their work. But most 
of us would hesitate even to discuss relativity theory except 
with our close friends. A reason for the reluctance of electrical 
engineers to grapple with relativity theory is found in a 
footnote in Professor Cullwick’s preface. He quotes Sir 
James Jeans as saying: ‘The signal for the revolution was a 
short paper which Einstein published in June 1905. And with 
this publication the study of the inner workings of nature 
passed from the engineer-scientist to the mathematician . . . 
no one except a mathematician need ever hope fully to 
understand . . . the theory of relativity.’ Professor Cullwick 
comments, ‘It seems scarcely necessary to add that Jeans was 
a mathematician’. 

Professor Cullwick is a brave man. He evidently believes 
that relativity theory can be understood by those whose 
thinking is not done entirely in mathematical symbols. 
Moreover he doubts that mathematical treatment is sufficient 
by itself. He sees the danger of the mathematical method to 
lie in ‘the ease with which errors in physical interpretation 
can be obscured by mathematical elegance’. He, therefore, 
sets himself the task to give a physical interpretation to the 
equations used in his book. Anybody who has tried such a 
thing will know the immense difficulties in the way. Let the 
reader who doubts this try to explain the physical meaning 
of inductance to his wife. Professor Cullwick has not been 
entirely successful. His book still bristles with unexplained 
mathematics (see, e.g., Chapter VII). But he has succeeded 
here and there. Some of the mathematical undergrowth has 
been removed. Let others sharpen their wits and clear the 
path further. 

The book opens with the discussion of some simple cases 
of electromagnetic systems in uniform rectilinear motion. 
There is a very clear discussion of the various field compo- 
nents, and excellent use is made of an important but neglected 
theorem due to Poisson about equivalent charge and pole 
distributions. There follows an introduction to the special 
theory of relativity and a discussion of the Lorentz trans- 
formation applied to Maxwell’s equations. Electromagnetic 
induction is the next subject discussed. There is a very useful 
section on electromotive force and potential difference, 
which deserves the attention of all teachers—whether of 
0 level schoolboys or research graduates. Professor Cullwick 
then discusses the motional and transformer effects, known 
to many as the ‘cutting’ and ‘threading’ rules, and he is not 
afraid to give a definite answer to the old problem of e.m.f. 
induced in a rotating cylindrical magnet. Energy and momen- 
tum in the electric field occupy his attention in the last part of 
the book. He outlines his fascinating theory of electron 
inertia and shows how superconducting effects can be 
explained. 

To the practising engineer the most important question 
raised and answered by this book may well be: ‘What results, 
if any, can be obtained by relativity theory that cannot be 
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obtained by Maxwell’s equations?’ Professor Cullwick 
divides his answer into two parts. He considers first-order 
effects in which the velocity v of the charges and magnets is 
small compared with the velocity of light c, so that v?/c? can 
be neglected. Then he considers second-order effects where 
v?/c? must be taken into account. 

First-order effects are found not to require relativity 
theory, if the treatment is based on the twin concepts of 
electric charge and magnetic pole. If, however, the concept of 
magnetic polarity is abandoned, special relativity is essential 
to give correct answers. This is a most important conclusion 
and should be pondered by those who have an aversion to 
magnetism. Is it really desirable to teach the Lorentz trans- 
formation rather than magnetism at school or in National 
Certificate courses? The second-order effects can also be 
correctly predicted by Maxwell’s theory alone, but special 
relativity may well be desirable because of its simplicity and 
convenience in writing the equations. 

Readers of this book should not be surprised or annoyed 
if they disagree with the author at times. The reviewer remains 
wholly unconvinced by the discussion of the e.m.f. in a 
rotating magnet. Indeed, this is not a book for those who feel 
that electromagnetism is a closed subject. Professor Cullwick 
everywhere breaks through accepted doctrine and stimulates 
his readers to fresh thought. We are greatly in his debt. 


W. E. BENHAM and I. A. HARRIS 


THE ULTRA HIGH FREQUENCY PERFORMANCE 
OF RECEIVING VALVES 


MACDONALD. 1957. I78 PP. 28s. 


A book of this kind, integrating the work of various writers 
over the past twenty years, is needed, and the authors, both 
well known for their contributions to the subject, have made 
full use of their theoretical experience. To the academic 
student the volume will be of value, for it gives, as no previous 
book has given, a unified description of the actions in space- 
charge-modulated valves which have produced a plethora 
of attempted explanations since the first appearance of 
Mehrgitterelektronenréhren. The only doubt the reviewer has 
of the usefulness of the text is that it deals throughout with 
ideal cases—complex enough in many cases, but nevertheless 
ideal so far as the engineer or designer is concerned. Briefly, 
although the authors have done well to bring into logical 
form ‘the work of Muller, Llewellyn, Bakker, de Vries, North 
and Benham’, they are still faced with the unalterable fact that 
all of this work presupposes an electron charge configuration 
which is not representative of a valve used at u.h.f. in the 
space-charge-modulated condition. This must be the complaint 
of the valve engineer. 

It is slightly surprising to see @ used for electric field 
strength, since this symbol was officially abandoned by the 
British Standards Institution several years ago. Another point 
of presentation is that the printing of the superscript charac- 
ters in exponential functions is often badly executed. [See 
e.g. p. 36, equation (3.16); p. 46, equation (3.51); p. 98, the 
line above equation (7.13), in which the superscript characters 
appear to be part of the main algebraic expression; and 
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p. 116, two lines from the bottom, where ‘tau’ is printed 
as ‘t’.] A litthe extra care by the printer’s reader and editor 
can go a long way in establishing one’s confidence in 
mathematical formulae given in a book of this type. 

There are some curious statements in the early part of the 
book. On p. 13 the authors state that they will neglect the 
interaction between the grid-cathode and grid-anode spaces 
of a triode, since the fraction of the field of space I that 
penetrates into space II is substantially 1/u, and that the 
fraction of the space II field penetrating space I is substantially 
(d,/d;) (1/@), where d, is the grid-anode and d, the grid- 
cathode spacing. They feel that since yz is usually greater than 
20 these fractions may be neglected. Fortunately, in the 
remainder of the book they do not stick to this conclusion, 
and the reader gets better value than he expected. 

As already implied, the valve engineer must give the 
differences between actual and ideal valves considered in 
Chapter 5 much greater weight than the authors do; but this 
does not seriously detract from the value of the text to the 
advanced student, who is provided with an excellent platform 
from which to launch himself into the unsolved problems of 
this exciting domain. 


W. C. MICHELS 


ELECFRICAL MEASUREMENTS AND THEIR 
APPLICATIONS 


NEW JERSEY: VAN NOSTRAND. 
331 Pp. £2 IIs. 


This book is based upon an earlier work by the same author 
entitled ‘Advanced Electrical Measurements’, which was first 
published in 1931, but it has been rewritten in order to cover 
recent advances in measurements. 

The book is divided into two parts, the first dealing with 
basic measuring techniques and the second with applications. 
All chapters in the first part include details of laboratory 
experiments that may be carried out to illustrate the theoretical 
work. 

The first chapter deals with the correct manner of carrying 
out an experiment and includes an excellent treatment of 
error calculation. Chapters 2 and 3 cover direct-current 
measurements by deflection instruments and null methods 
respectively, and are followed by two chapters dealing with 
low-frequency deflection instruments and a.c. bridges. The 
treatment of a.c. bridges is rather curtailed, considering their 
importance in measurements, and no reference is made to 
inductively coupled ratios, which are now common. There 
are some diagrammatic errors in this chapter. 

The basic principles of amplifier design are discussed in 
Chapter 6, and a useful discussion on transient analysis 
based on the Fourier Integral theorem is included. Chapter 7 
on oscillographs deals with the theory and applications of 
the cathode-ray oscilloscope, and the electromagnetic oscillo- 
graph. Simple measurements at radio frequencies are dealt 
with in Chapter 8, and the final chapter in Part I covers 
higher-frequency measurements involving the use of loss-free 
transmission lines and waveguides. 

Part II of the book contains chapters on magnetic measure- 
ments, electrical thermometry, electrical measurements in 
mechanics and acoustics, and electrical measurements in 
nuclear physics. These chapters are the most attractive 
feature of this book, and a wealth of essential information is 
given in them. Nuclear resonance techniques are introduced 
im the chapter on magnetic measurements. The chapter on 


% 


LONDON: MACMILLAN. 1957. 


thermometry deals with resistance thermometers, thermo. 
couples, optical and radiation pyrometers and includes ajj 
essential theory. The following chapter describes electro. 
mechanical transducers, then deals with acoustic measure. 
ments and concludes with a section on vacuum pressure 
measurement. 

The final chapter on nuclear physics is a useful introduction 
to an important field of measurement. The various types of 
counter and associated electronic apparatus are described, 
and the application of statistical method to counting problems 
is discussed. 

This is an excellent book, well written, clear and concise 
throughout, and provided with a good bibliography. It js 
particularly suitable for advanced electrical engineering 
students in their two final years, but any engineer who has to 
deal with problems in any field of electrical measurements wil 
find it to be of considerable value. 


PIEZOELECTRICITY 


H.M. SFATIONERY OFFICE. 1957. 369 PP. £3 ISS. 


This selection of Post Office Research Station reports is 
essentially for the specialist; the electrical engineer wishing 
to obtain a general grasp of the subject must satisfy his needs 
elsewhere. One is immediately conscious that no practicable 
amount of editing of reports prepared originally for private 
circulation can yield a fully satisfactory book, but this 
statement should not discourage a worth-while experiment 
in the dissemination of the research results of one of our 
major nationa! !aboratories. It is an example that might wel 
be copied, and improved upon with experience. 

There has, of course, been no attempt to produce a compre 
hensive treatise such as W. G. Cady’s book of the same title, 
but the reports have been arranged in logical order: theoretical 
treatment; measuring equipment and techniques; and 
descriptions of piezo-electric crystals, including how they are 
grown and cut and their experimentally determined properties. 
Apart from the theoretical treatment, which is quite general, 
the subject-matter is effectively confined to those crystals 
which are water-soluble under normal pressure conditions; 
quartz, which has to be grown hydrothermally, and ferro 
electric materials are excluded. These omissions have been 
made deliberately, but one regrets that the editorial staff did 
not add a short introductory chapter to give the background 
of the work. In default of this, the reviewer can refer only to 
the acute war-time shortage of natural Brazilian quartz for 
the control and selection of frequency in telecommunication, 
and the need for a laboratory-grown piezo-electric material 
as a precaution against a recurrence of this scarcity. Consistent 
with their interests, the Post Office turned the main attention 
of their staff to water-soluble crystals, which offered prospects 
of easy growth and adequate frequency stability for mult 
channel carrier telephony. 

Much of the work described, although excellent of its kind, 
is no longer topical. One of the main results achieved was 
confirmation of the value of ethylene-diamine-tartratt 
resonator plates for use in channel filters, after the initial 
discovery and groundwork by American workers. In present 
day circumstances it now seems highly improbable that this 
material will ever be used on a commercial scale. Conse 
quently, it is in the possible application of some of the other 
crystals (such as lithium sulphate and ammonium dihydrogen 
phosphate) to electro-acoustics that the value of the work 
must now be sought. In this connection, the set of data tables 
forms a welcome conclusion to the book and should be d 
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real value for reference purposes. Also, it is fair to add that 
the well-presented descriptions of crystal-growing techniques 
have a contemporary value outside the field of piezo-electricity. 

The earlier chapters giving the theory of the tensor proper- 
ties and the dynamic behaviour of piezo-electric crystals 
contain little that cannot be found in the existing standard 
works, but they have the merit of providing a self-contained 
exposition which should save the time of those who find the 
notation employed sufficiently readable. It is an unfortunate 
fact that a wide divergence in piezo-electric terminology still 
exists, and the present book makes no contribution towards 
solving this problem. There appears in fact to be a somewhat 
excessive use of symbols in the first chapters, particularly 
those having subscript and superscript characters; such 
characters look clumsy since the book is not printed from 
type, having apparently been set on a typewriter without 
provision for smaller characters. Moreover the horizontal 
letter spacing is uniform as with an ordinary office typewriter, 
which somewhat reduces the readability of the book. Despite 
these defects the general presentation is fairly good and the 
price represents sound value. 


R. F. SHEA (Editor) 
TRANSISTOR CIRCUIT ENGINEERING 
JOHN WILEY AND SONS. 1957. 468 PP. £4 16s. 


A high standard has been set by Dr. Shea’s previous books; 
for this reason the present work will be received with 
unusual interest. It is more ambitious than its predeces- 
sors, the wide range covered being indicated by the chapter 
headings: Characteristics and Characteristic Curves; Equiva- 
lent Circuits; Bias and Its Stabilization; Audio Amplifiers; 
D.C. Amplifiers and Their Applications; Tuned Amplifiers; 
Video Amplifiers; Oscillators; Modulation, Mixing, and 
Detection; Transient Response and Pulse Circuits; Systems; 
and Special Circuits. Dr. Shea has wisely not attempted to 
write the book alone. Eight co-authors are listed on the cover 
and the contributions of five others are acknowledged. 
Co-ordinating the work of some fourteen experts cannot be 
an easy task, and it is not surprising that the book seems at 
times rather disjointed and that the quality of the material is 
variable. At its best the book is first-rate, at its worst it is 
mediocre; but it never descends to the unreliability, inaccuracy 
and remoteness from reality which have characterized some 
books on transistor circuits. 

The earlier chapters give excellent advice on the circuit 
design necessary to allow for expected variations in transistor 
characteristics, but this advice seems often to be forgotten in 
the circuits presented later. In showing the principles of a 
circuit, refinements should be omitted; but it is not always 
easy for the reader of this book to see which circuits are 
intended to illustrate basic principles and which are to be 
regarded as examples of good circuit engineering. Many of 
the circuits shown would require quite knowledgeable 
treatment to make them reliable and reproducible. 

The multiple authorship shows itself in several ways. 
Sometimes duplication could have been avoided by reference 
to other chapters; for example the section in Chapter 7 on 
video power amplifiers could usefully have drawn on the 
section in Chapter 4 on audio power amplifiers. The polarity 
conventions used in the circuit diagrams are chaotic; some- 
times the positive voltage line is at the top of the diagram, 
sometimes the negative. In Fig. 5.20 the earth line is at the 
top, the + 20-volt supply line is at the middle of the page 
and the —10-volt at the bottom. This lack of uniformity 
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appears to have confused the authors themselves: Fig. 8.29 
uses m-p-n transistors, so that the polarity of the power supply 
line at the top of the diagram is presumably positive (though 
this is not marked); however, on p. 253 the operation of this 
circuit is described as if the transistors were of the p-n-p type, 
and a negative voltage were supplied to the circuit. 

There are a few mistakes: e.g. on p. 94 the values of capaci- 
tors Cl and C2 have been miscalculated by a factor of 10, and 
in Fig. 10.3 the expression for the high-frequency current gain 
of a transistor is given incorrectly. In the chapter on d.c. 
amplifiers there is a good deal of confusion about amplifier 
drift and sensitivity (the two terms seem to be used inter- 
changeably). 

The description of carrier storage effects in junction diodes 
is open to question. Figs. 9.1 and 12.11 both show the 
voltage/current characteristic of the diode passing through 
the origin when stored minority carriers are present, and 
indicate that the diode impedance has a maximum at the 
origin. It can be shown theoretically and experimentally that 
this is not true. A simplified explanation of the rather complex 
expressions for carrier storage presented on p. 315 would 
have been welcome, especially in view of the difficulty of the 
paper in which they originally appeared. 

The index is comprehensive but somewhat capricious. Thus 
under ‘point-contact transistor’ we are referred only to p. 19, 
where this device is dismissed in six lines; yet in Chapter 8 
some four pages are devoted to it. Again, for the ‘p-n-p-n 
transistor’ the reader is directed only to Chapter 8, where 
circuit applications are very briefly described; the index does 
not show that the operation of this transistor is fairly fully 
described in Chapter 1. 

The bibliography at the end of the book contains more 
than 350 references, but only a dozen of these are from 
sources outside the United States and there is practically no 
reference in the text to British work. 

However, despite these and other faults the average standard 
of the book is high and the information it contains should be 
valuable, if used with discrimination. It seems likely to achieve 
what is clearly its objective, namely to become the standard 
work on transistor circuits. 


W. SCHUISKY 
INDUKTIONSMACHINEN 


1957. 501 PP. 


The author of this book is consulting engineer to the ASEA 
company in Sweden, and is already well known through his 
book Electromotoren, which was published in 1951. In 
reading his new work, one is left in no doubt as to the author’s 
long and all-embracing experience in his field. 

The book is primarily intended for the practising engineer. 
The matter is presented in such a manner, however, that the 
advanced student will follow it with comparative ease, and he 
will have much to gain from a careful study of its 500 pages. 

Dr. Schuisky has successfully brought together the latest 
developments in the field (particularly in respect of starting 
characteristics, reduction of losses and speed control), his 
own work, and that of many others, and has co-ordinated 
this with the classical theory of induction machines. The book 
is, nevertheless, essentially practical in outlook, and problems 
of a distinctly academic nature are not discussed, or at the 
most, but briefly. 

The book opens with some notes of historical interest on 
the early development of the induction motor. The second 
chapter deals with the mechanical aspects of the construction 
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of the various types of machine, the means of cooling and 
the modes of protection required as a result of the machine’s 
situation or specific use, all in relation to German standards. 
There are many excellent photographs and a great deal of 
data and specifications in the form of tables. 

Chapter 3 deals with the design of stator and rotor windings 
and their insulation. The data for split-windings for pole- 
changing motors are most comprehensive. The next four 
chapters provide a study of magnetic characteristics, effective 
resistance, leakage reactance and the magnetic field, thus 
leading to Chapter 8 on the operational characteristics of the 
polyphase induction motor. Conventional methods of 
analysis are adopted, and the accompanying circle and vector 
diagrams and equivalent circuits are excellently presented, 
the explanations of their origin and use being both concise and 
clear. The use of symmetrical components is first developed 
in the study of the air-gap flux in relation to the analysis of 
the elliptical rotating field. The general effects of harmonics 
are covered in great detail in Chapter 9, with particular 
reference to noise and losses. 

Chapters on heating under steady and transient conditions, 
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MONOGRAPHS 


Eddy-Current Losses in Thin Ferromagnetic Sheets 
Monograph 284 ™M 

E. W. LEE, B.SC., PH.D. 

In very low fields the eddy-current losses in a lamination may 

be calculated exactly, but the observed loss is always some- 
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mechanical stresses within the machine, starting of the 
various types of machine, analysis of unbalanced conditions 
in stator and rotor, and speed control methods, are followed 
by a full treatment of the single-phase induction motor and 
its modifications. There is a discussion and analysis of the 
many special applications of the induction machine, but the 
linear induction motor is not mentioned. Other chapters treat 
of losses, efficiency and the experimental determination of 
these quantities, together with methods of measurement of 
stray losses, insulation tests and practical tests of the machine, 

The foregoing theory is implemented in the concluding 
sections of the book to present the full design process. There 
is a particularly interesting and useful section on the pro- 
portionality of load and chief dimensions (inner diameter of 
stator and armature length) for various series of machines, 
Finally, there are worked-out design examples for a 200 hp, 
double-cage motor, a frequency changer, a small single-phase 
motor without auxiliary winding and a split-pole motor. 

There is an extensive bibliography, but the author points 
out that it is impossible to include any but the most important 
references in a field so wide. 


what greater. Most of this extra loss varies with frequency and 
field in the same way as eddy-current loss, and, if a quantity 
equal to the ratio of the observed to calculated loss is defined, 
it is found that 7 increases rapidly with decreasing thickness 
of sheet. It is suggested that this effect arises from neglect of 
the true mechanism of magnetization, and it is shown that 
the classical calculation of eddy current loss is invalid when 
the distance between domain walls becomes comparable with 
the sheet thickness. Theoretical predictions seem to be in 
good agreement with observations by Richards, Walker and 
Lynch. 


A Theoretical Analysis of some Errors in Aerial Measurements 
Monograph 285 R 


J. BROWN, M.A., PH.D. 


A theoretical analysis of certain aerial problems is carried out ‘ 


with the help of the idea of a spectrum of plane waves intro- 
duced by Booker and Clemmow. The reciprocity theorem, 
which relates the behaviour of an aerial used for reception to 
the properties of the same aerial as a transmitter, is used to 
derive an expression for the power received by one aerial as 
a result of transmission from a second aerial at any distance 
from the first. It is shown that under the conditions used in 
aerial measurements the size of the receiving aerial can 
influence the errors in measured radiation patterns and power 
gains. In particular, the side-lobe levels obtained when too 
small a separation between the aerials is used can either be 
larger or smaller than the levels for the true radiation pattern. 
This result differs from that predicted by diffraction theory, 
which suggests that side-lobe levels measured at too small a 
distance are always worse than those in the true radiation 
pattern. Similarly, when the size of the receiving aerial is 
taken into account, errors in gain measurements are shown 
to be larger than those predicted by diffraction theory. 


Electromagnetic Energy Transfer Monograph 286 
P. HAMMOND, M.A. 


Methods of calculating and measuring the flow of electro 
magnetic energy are compared and contrasted. The differences 
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between the low-frequency and high-frequency approach to 
energy-flow problems is discussed, and suggestions are made 
to ease the difficulties in the way of students and teachers 
faced with these apparently irreconcilable differences. 


The Concept of Heterogeneous Surface Impedance and its 
Application to Cylindrical Cavity Resonators 


Monograph 287 R 
4, E. KARBOWIAK, PH.D. 


The concept of heterogeneous surface impedance is intro- 
duced. This is defined as an impedance sheet whose surface 
impedance varies from point to point in an arbitrary manner. 
The approach is found to yield useful results in a variety of 
physical situations, and a few applications are illustrated by 
numerical examples. 

Physical heterogeneous impedance sheets are extremely 
common. Typical examples are provided by resonators built 
up of several pieces of metals of various conductivities, 
resonators imperfectly assembled (e.g. by having small gaps 
between various parts), effects of imperfect machining or 
annealing, etc. 

The formulae developed relate the Q-factor and the resonant 
frequency of a cavity to its dimensions and the Fourier 
components of the surface-impedance function, which, in 
general, may be anisotropic. The analysis is kept as general as 
possible, and the formulae developed do not exclude any of 
the practical cases. 

In the case of circumferential heterogeneity it is shown that 
all E,,nz and H,,,,, modes (other than Ey and Hp modes) 
are unstable unless the 2th harmonic of the heterogeneous 
surface impedance is absent. It is further concluded that 
such cavities are characterized by a double-humped resonance 
curve. 

With the exception of a few isolated cases (discussed in 
detail) an axially heterogeneous cavity when supporting any 
Enn OF Hymn, Mode, may be regarded as a homogeneous 
one whose axial anisotropic component is the sum of the 
mean value of the surface-impedance function and one-half 
of its /th harmonic, and whose circumferential component is 
given by the difference between the mean value of the surface- 
impedance function and one-half of its /th harmonic. 


The Determination of Control System Characteristics from a 
Transient Response Monograph 288 M 


J, P. ELLINGTON, B.SC., and H. MCCALLION, B.SC., PH.D. 


Measured values of the output of a control system are used to 
form a characteristic equation from which the overall transfer 
function may be found. To use the method it is necessary to 
know, or assume, the form of the transfer function, and also 
to have a knowledge of the input form. In this manner 
parameters of existing systems may be found either. with a 
view to improving the system or providing data for future 
designs. A worked example indicates the possible order of 
accuracy. 


Conductivity of Oxide Cathodes. Part 5.—Functional Structure 
of the Cathode Monograph 289R 

G. H. METSON, M.C., PH.D., M.SC., B.SC.(ENG.) 

In this Part the oxide cathode operating at 1020°K is shown 
as a 2-element device—a thin-film cathodic-core thermionic 
emitter covered by a relatively massive porous oxide matrix. 
The thin-film emitter determines the total emission available 
from the cathode, and the porous matrix settles the potential 
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rise experienced by the current before it emerges into the 
outer vacuum. This potential rise is shown to depend only on 
the self-generated electron density within the matrix pores 
and to be largely independent of emission density from the 
core emitter. 


A Rectifier Modulator with Stable Low Carrier-Leak 
Monograph 290 R 
E. HANDS, M.SC. 


The paper is concerned with the development of a modulator 
capable of giving much lower stable levels of carrier leak than 
previously obtained. After consideration of various types of 
modulator, the conclusion is reached that the constant-current 
modulator is probably capable of giving the highest stable 
level of carrier rejection. This modulator consists, essentially, 
of a ring modulator whose input transformer is, ideally, 
replaced by infinite-impedance valve generators feeding each 
rectifier input terminal. 

The action of the constant-current modulator is analysed 
in detail on the basis of small differences in the characteristics 
of the rectifying elements, and associated topics are discussed. 
Experimental evidence, obtained by using a carrier frequency 
of 3kc/s, largely supports the theoretical analysis. 

The modulator, thus developed, is capable of giving carrier 
leak levels more than 90dB below the carrier current from 
each source which are stable with temperature and time. 
Also, the modulator’s action is such that the fundamental 
component of the carrier leak is not affected by relatively 
large unbalances in the carrier currents from each source. 


Noise-Reducing Codes for Pulse-Code Modulation 
Monograph 291 R 


J. E. FLOOD, PH.D. 


Theory shows that a simple binary pulse-code modulation 
system does not make the maximum use of a communication 
channel of given bandwidth and signal/noise ratio. It is 
suggested that an improvement in output signal/noise ratio 
can be obtained by modifying the binary code so that errors 
in its different digits contribute equal amounts of noise power 
to the output. 

The noise contributions of the digits can be equalized by 
using a greater number of pulses to transmit the more signifi- 
cant digits. However, the resulting increase in bandwidth 
introduces additional noise which more than offsets the 
reduced error liability of the digits and so causes a worsening 
of the output signal/noise ratio. An attempt to equalize the 
noise contributions of the digits by using a code with a 
different base for each digit also fails. 

It is possible to make the digits of a binary code group 
contribute equally to the output noise by varying the pulse 
height or length from digit to digit. An improvement in 
output signal/noise ratio is then obtained over a range of 
input signal/noise ratios. The system using pulses of different 
heights is less complicated than that using different pulse 
lengths; however, it is more complex than a system using the 
simple binary code, and it is doubtful if the improvement in 
signal/noise ratio justifies the additional complexity. 


Some Optimum Four-Terminal Networks having given Input 
and Output Shunt Capacitances Monograph 292 R 

O. P. D. CUTTERIDGE, M.SC.(ENG.), PH.D. 

The paper deals with the open-circuit transfer impedances of 

low-pass four-terminal networks having given parasitic 
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capacitances shunted across both input and output terminals. 
The discussion, in the first instance, is in terms of the poles 
and zeros of the transfer function, although physical realiza- 
tions of optimum networks are also derived. 

The first part of the paper deals with the adjustment of the 
driving-point impedances to produce a transfer impedance 
having a maximum gain level consistent with given pole and 
zero positions; various cases having two and three poles are 
considered. In the second part the author obtains optimum 
pole-zero patterns yielding the maximum gain/rise-time 
quotients that are consistent with monotonic response. 


The Interpretation of the Results of Impulse Breakdown Tests 
Monograph 293 M 
R. HANCOX, B.SC.(ENG.), PH.D. 


The paper considers a high-voltage impulse-breakdown test 
procedure consisting of a series of impulses of increasing 
magnitude leading to breakdown. The results expected from 
such a test are compared with the variation with voltage of 
the probability of breakdown for a single pulse. 


PAPERS 


The Relation between Picture Size, Viewing Distance and 
Picture Quality with special reference to Colour Television 
and Spot-Wobble Techniques Paper 2540 R: Part B 


L. C. JESTY, B.SC. 


The paper describes experiments to determine the preferred 
viewing distance for a number of different types and sizes of 
picture, including 405-line and 625-line monochrome television 
and a 405-line colour television picture, all with varying 
bandwidths. The criterion ‘preferred viewing distance’ proved 
to be surprisingly consistent and repeatable, and the results 
obtained indicate that, unless some new development such 
as receiver picture storage improves matters, the present 
European standards of television are wasteful of bandwidth. 
Various methods of using this surplus bandwidth are discussed. 
The investigation also covered the use of spot-wobble on the 
405-line television picture and two television scanning innova- 
tions—‘synchronous spot-wobble’ and ‘sampled synchronous 
spot-wobble’. 


To be read on the 19th February 1958 


Results of Full-Scale Stability Tests on the British 132 kV Grid 
System Paper 2575s: Part A 


F. BUSEMANN, DR.ING., and W. CASSON 


The paper describes the results obtained from transient 
stability tests carried out on a section of the British 132kV 
Grid system during the summer of 1956. A 56 MVA generator 
was connected to the main system through a 150-mile line, 
and faults of various type were applied with the generator on 
full load. The main purpose of the tests was to check how 
close network analyser results agreed with actual performance. 
It was found that the agreement was, in general, very good 
and some important information was obtained about the 
characteristics of cylindrical rotor machines which should be 
of assistance in future analyser studies. 

It was found that flux decay, even with voltage regulators, 
is a factor which alone could result in discrepancies between 
network analyser studies and actual performance, but that 
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this is largely compensated by the improving effects gf}*Denc 
damping, additional losses during faults and governor action, | publi 

It was also found that in transient tests, with sudde, lishe 
insertion of the line, stability was maintained provided tha 
the excitation was sufficient for steady-state operation with the 
line. Reactive power consumed by the machine at the steady. 
state stability limit was about 15% higher than calculated 
values, owing to saturation effects. During asynchronoys BOC 
operation with open field up to 30 MW the slip remained 


very low. ENE 
To be read on the 6th March 1958 wee 
Londc 

The Organization for Large-Scale Grid System Tests saad 


Paper 2559 8: Part A 
F. H. LAST, PH.D.(ENG.), B.SC.(ENG.), E. MILLS and N. D. NORR' Jof idea 


The stability of generating plant on a large interconnected 
system is a very important consideration of design and 
operation. Small-scale tests and the development of various 
types of calculator have provided the machine designer and 
: . : : . BREC 

system planning engineer with useful information, but the no 
ultimate test is that of satisfactory performance in service, , 
Tests on an operational system are very desirable, but before jLondo 
such work is carried out, the operational risks must be }2 5- 
weighed against the importance of the results to be obtained, [Draws 
In 1956 it was decided that such an investigation should be jomme 
made, and for the first time the Central Electricity Authority Fi" 
carried out steady-state and transient generator stability tests f°" cl 
on an operational section of the system. The paper sets out to pu re 
describe the organization which was established to carry out 


circuit 
valve ? 


such tests. pare 
To be read on the 6th March 1958 Blectri 
ps 

3 15s 


Direct-Reading Iron-Loss Testing Equipment for Single Sheets, 
Single Strips and Test Squares Paper 2553 M: Part A 


le 
J. MCFARLANE, B.SC., J. K. DARBY, B.SC.(ENG.), and P. MILNE wt 


The paper describes the two basic techniques by which a 
dynamometer wattmeter may be employed to measure 
specific iron loss, and shows how these methods have been 
applied to measurements on Lloyd-Fisher or Epstein samples § pnd 
and to the development of single-sheet testers and single-strip 
testers. All the equipments give direct readings of flux density, 
magnetizing force and specific iron loss. The advantages of 
single-sheet testing are stressed, particularly as a means for 
grading hot-rolled transformer steel. 


To be read on the 11th March 1958 


A pra 








J. MCFARLANE, B.SC., and M. J. HARRIS, B.SC. 


By the use of a feedback amplifier technique, the voltage 
appearing across a search coil wound on a ferromagnetic core 
can be made to follow any desired driving waveform, and the 
inherent harmonic distortion effects arising from non-lineaf 
B/H characteristics are reduced by an amount approximating 
to the loop gain. The technique is applied in iron-testing 
circuits and a.c. bridges, to obtain sinusoidal flux wave fA sim; 
forms, thereby avoiding errors in loss measurement which fhe pr 
would otherwise arise from distortion effects. Three amplifiers high ¢ 
are employed in a single-strip tester to obtain uniform ated 


magnetization over the length of the strip. ‘net 


To be read on the 11th March 1958 future 
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BOOKS 


BENHAM, W. E., and HARRIS, I. A. 621.385 
The Ultra High Frequency Performance of Receiving Valves* 
fin. Macdonald, 1957. pp. ix, 173. 22 x 14cm. 28s. 

This is a theoretical treatment of the subject, but numerical calcula- 
tions based on practical values have been introduced. It deals with 
current in inter-electrode space, the small-signal h.f. characteristics 
of idealized diodes, triodes and tetrodes, the difference between actual 
‘and ideal valves, and the retarding field diode. Discusses valve and 
circuit elements in linear-circuit analysis. A final chapter deals with 


gn and valve noise. The book is reviewed on p. 95. 

various 

oa BRECH, E. F. L. 65 
service, isation. The Framework of Management* 

t before {London, Longmans, Green, 1957. pp. vii, 424. 22 x 14cm. 
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commercial undertakings. Amongst the subjects discussed are centrali- 
ation versus decentralization, committees and co-ordination, organiza- 
ion charts, criteria and planning. Illustrated schedules of the duties 
and responsibilities of leading personnel are given. 


CAYWOOD, R. E. 621.316.003 


Electric Utility Rate Economics 


McGraw-Hill, 1956. pp. 236. 23-5 x 16cm. 


London, XX, 
£3 15s. 

‘A practical guide to the subject which discusses the many economic 
land technical factors which must be considered in fixing electric 


utility rates. 


beeen F. M., and HEAD, J. W. 51 
ic Mathematics for Radio and Electronics. 3rd ed. 

London, Iliffe, 1957. pp. 359. 19 x 13cm. 17s. 6d. 

Begins with elementary algebra and leads up through logarithms, 
irigonometry and vectors to the calculus. Applications to basic 
telectrical circuits are demonstrated and there is a chapter on more 
advanced mathematics including Heaviside’s technique for dealing 
with electrical problems. 


COTTON, H. 621.31 


Electrical Technology. 7th ed.* 
London, Pitman, 1957. pp. xv, 864. 22 x 14cm. £2 10s. 


This is a completely revised edition. The chapters have been enlarged 
land their coverage extended and the rationalized MKS system has 


been adopted. The book will be reviewed in a future issue. 
GOLDRING, M. S. 621.039 
conomics of Atomic Energy* 

London, Butterworth, 1957. pp. 179. 22 x 14cm. 15s. 


A simple explanation of the processes involved in nuclear reactors and 
the problems and precautions of this new industry. The astoundingly 
high capital costs of the atomic energy industry have been largely 
borne as a military expenditure, and estimates of the cost of electricity 
senerated from atomic power tend to ignore this. By-products of the 
industry are considered in estimating costs. Comparisons with likely 
uture prices of expendable fuels are given 
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LECK, J. H. 533.5 


Pressure Measurement in Vacuum Systems 
London, Institute of Physics, 1957. pp. 144. 24 x 15cm. £1 10s. 


Describes the different methods of pressure measurement in common 
use and gauge calibration. 


LEE, H., and NEVILLE, K. 679.5 


Epoxy Resins. Their Applications and Technology* 

London, McGraw-Hill, 1957. pp. xi, 305. 23 x 15cm. £3. 
Amongst a wide variety of applications which have been found for 
these new resins already are their use for castings, potting, encapsula- 
tion, sealing, adhesives, and lightweight foams. The physical, chemical, 
mechanical and electrical properties which make them suitable are 
described relative to the appropriate ASTM standards. The chemistry 
of the subject from the manufacturing standpoint is reviewed. 
MANN, F. H. 614.8 
Safeguards against the Explosion Hazard in Industry* 

London, Electrical Times, 1957. pp. 88. 19 x 12cm. 6s. 
Describes the principles and practical aspects of flameproof con- 
struction and testing. Discusses intrinsically safe circuits and also 
pressurization. The danger from dust as well as inflammable liquids and 
gases, together with approved safety techniques, is indicated. 


MEGAW, H. D. 537.226.3 


Ferroelectricity in Crystals 

London, Methuen, 1957. pp. xi, 220. 22 x 14cm. 27s. 6d. 
An outline of the subject and the concepts involved is followed by an 
account of the structure and properties of all ferroelectric and anti- 
ferroelectric materials at present known. Then the various theories 
of the subject are discussed. The data given and the bibliographical 
lists make this book a useful reference work. The book will be 
reviewed in a future issue. 


NEWTON, G. C., GOULD, L. A., and KAISER, J. F. 621-52 
Analytical Design of Linear Feedback Controls* 

London, Chapman and Hall, 1957. pp. xi, 419. 23 x 15cm. 
£4 16s. 

This is a fairly advanced work on analytical design theory. The book 
will be reviewed in a future issue. 
OSBORNE, A. L. 621.315.3 
Electricity in Building* 

London, Batsford, 1957. pp. 160. 22 x 15cm. 25s. 

This book, written in conjunction with the Electrical Development 
Association, is intended mainly for architects. An outline is given of 
the basic principles of electricity wiring systems, control gear, etc. 
Lighting is treated as a part of ‘appearance design’ as suggested in a 
recent report. Various systems of space heating are explained and 
electricity for water heating is dealt with. Domestic, industrial and 
commercial premises are considered. 


SPANGENBERG, K. R. 621.385 


Fundamentals of Electron Devices 
London, McGraw-Hill, 1957. pp. xii, 505. 23 x 15 cm. £3 15s. 


Introductory chapters are followed by a combined treatment of 
vacuum and semi-conductor diodes and triodes and the physics of 
their uses as oscillators, amplifiers and photo-electric devices. A 
separate chapter deals with noise in electron devices. 
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OTHER PUBLICATIONS 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, 
INSTITUTE OF THE AERONAUTICAL SCIENCES AND 
INSTRUMENT SOCIETY OF AMERICA 


1957 National Telemetering Conference. Papers Presented at 
E! Paso, Texas, May 27, 28, 29, 1957 


New York, A.I.E.E., 1957. 


pp. vii, 220. 


28 x 22cm. $3. 


ASSOCIATION OF SHORT-CIRCUIT TESTING 


AUTHORITIES 


Rules Governing the Short-Circuit Testing of Air-Blast Circuit- 
Breakers for Alternating Current Systems 
London, Association of Short-Circuit Testing Authorities (Inc.), 


1957. 


Publication No. 17, pp. 45. 


25-5 x 19cm. 10s. 


BRITISH BROADCASTING CORPORATION 


The B.B.C. Riverside Television Studios: Some Aspects of Technical 
Planning and Equipment by H. C. Nickels and D. M. B. Grubb 


London, B.B.C., 1957. Engineering Division Monograph No. 14. 


pp. 32. 28 x 22cm. 5s. 


GENERAL POST OFFICE 
Piezoelectricity 
London, H.M.S.O., 1957. 


This publication is reviewed on p. 96. 


pp. x, 369. 


28 x 22cm. £3 I5s. 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 


Recommendations for Fundamental Parameters for Printed Wiring 


Techniques 
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Forthcoming Events at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


February 1958 


Tuesday C. D. MEE, PH.D. ‘Magnetic Tape for Data 
Recording’ (Paper No. 2536 ™M) Synopsis: January 
1958 (To be read by J. F. Doust) 


Wednesday L. C. JESTY, B.SC. ‘The Relation between 
Picture Size, Viewing Distance and Picture Quality 
with special reference to Colour Television and to 
Spot-Wobble Techniques’ (Paper No. 2540R) 
Synopsis: see p. 100 


Monday Informal Evening on ‘Stereophonic Re- 
cording on Gramophone Discs’ at which there will 
be a talk given by H. A. M. Clark, B.sc.(ENG.)T 


s 26 Wednesday P. RICHARDSON “Design and Application 
of Large Solid-Rotor Asynchronous Generators’ 
(Paper No. 2492 s) Synopsis: January 1958 

27 Thursday Annual Dinner (At Grosvenor House, 
Park Lane, W.1, at 7 for 7.30 p.m.) 
March 1958 


Tuesday K. R. STURLEY, PH.D., B.SC., will open a 
discussion on ‘Some Impressions of Technical and 
Industrial Training in the United States’* (At 6 p.m. 
tea at 5.30 p.m.) 


Thursday ¥. BUSEMANN, DR.ING., and W. CASSON 
‘Results of Full-Scale Stability Tests on the British 
132kV Grid System’ (Paper No. 2575s) Synopsis: 
see p. 100 


F. H. LAST, PH.D.(ENG.), B.SC.(ENG.), E. MILLS, and 
N. D. NORRIS ‘The Organization for Large-Scale Grid 
System Tests’ (Paper No. 2559 s) Synopsis: see p. 100 


Monday MISHA BLACK, 0.B.E., Will open a discussion 
on ‘The Industrial Designer—an Ally or Enemy of 
the Engineer ?’* 


Tuesday H. BLOMBERG and P. J. KARTTUNEN ‘A Ferro- 
meter for the Determination of the A.C. Magnetiza- 
tion Curve and the Losses of Small Ferromagnetic 
Sheet Samples’ (Paper No. 2482M) Synopsis: 
January 1958 [To be read by Professor F. Brailsford, 
PH.D., B.SC.(ENG.)] 


J. MCFARLANE, B.SC., P. MILNE, and J. K. DARBY, 
B.SC.(ENG.) ‘Direct-Reading Iron-Loss Testing Equip- 
ment for Single Sheets, Single Strips and Test 
Squares’ (Paper No. 2553 m) Synopsis: see p. 100 


J. MCFARLANE, B.SC., and M. J. HARRIS, B.SC. “The 
Control of Flux Waveforms in Iron Testing by the 
Application of Feedback Amplifier Techniques’ 
(Paper No. 2554 m) Synopsis: see p. 100 


Wednesday BERYL M. DENT, M.SC., E. R. HARTILL, 
B.SC.{ENG.), and J. G. MILES, B.SC.(ENG.) ‘A Method 
of Analysis of Transformer Impulse Voltage Distri- 
bution using a Digital Computer’ (Paper No. 2452 s) 
Synopsis: December 1957 
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EDUCATION DISCUSSION CIRCLE 

INFORMAL 

MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


each paper that has now been published is added the 


month that a synopsis has appeared in the Journal under 
“Monographs and Papers published individually this month’, 
i.e. about the time the paper has been published as a separate. 
A paper that has not yet been published will be available at 
least ten days before the meeting at which it will be read. 


March 1958 
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o 20 
RM 21 
M 25 
s 26 
R 27-28 
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Thursday D. L. SMART, B.SC.TECH., and J. J. L. WEAVER 
‘The Use of Steel-Tank Mercury-Arc Inverters for 
Generating Medium Frequencies for Induction 
Heating’ (Paper No. 2457 u) Synopsis: January 1958 


Wednesday K. W. CATTERMOLE, B.SC. ‘Efficiency and 
Reciprocity in Pulse-Amplitude Modulation. Part I— 
Principles’ (Paper No. 2474R) Synopsis: December 
1957 


J. C. PRICE, B.SC. ‘Efficiency and Reciprocity in Pulse- 
Amplitude Modulation. Part II—Testing and Appli- 
cations’ (Paper No. 2475 rR) Synopsis: December 
1957 


K. W. CATTERMOLE, B.SC. “Transistor Pulse Genera- 
tors for Time-Division Multiplex’ (Paper No. 2577 r) 


Thursday R. L. BEURLE, PH.D., B.SC.(ENG.) Lecture on 
‘Storage and Manipulation of Information in the 
Brain’ { 


Friday Joint Dinner-Dance (At the Café Royal, at 
7 for 7.30 p.m.) (Particulars issued with the January 
Journal) 


Tuesday L. ESSEN, D.SC., PH.D. Lecture on ‘The 
Atomic Clock’ t 


Wednesday PROFESSOR F. GIORDANI Lecture on ‘The 
Objective for Euratom’t 


Thursday—Friday Convention on ‘Radio Aids to 
Aeronautical and Marine Navigation’ (Full details 
and registration form obtainable from the Secretary) 


Monday Informal Evening on ‘Future Radio- 
communication Methods for Civil Aircraft’, at 
which there will be a talk given by w. E. BRUNTT 


* No advance information will be available and no Press report will 
be permitted. 

+ An abstract will be available in advance. 

t No advance information will be available. 
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Pray 


Forthcoming Events at Savoy Place (conid.) 
April 


E 1 Tuesday D. J. BOLTON, M.SC.(ENG.) will open a 
discussion on ‘Economic Aspects of Electrical 
Engineering’* (At 6 p.m., tea at 5.30 p.m.) 


R 9 Wednesday Informal Evening on ‘U.H.F. Test 
Transmissions’ 


O 10 Thursday 3. A. RATCLIFFE, O.B.E., M.A., F.R.S. Lecture 
on ‘Radio Observations on Artificial Satellites’ { 


1 14 Monday FORBES JACKSON will open a discussion on 
‘The Future Trend of Installation Inspection’* 


MU 15 Tuesday PROFESSOR E. BRADSHAW, M.B.E., M.SC.TECH., 
PH.D., M. WAGSTAFF, M.SC.TECH., and F. COOKE ‘A 
Train Performance Computer’ (Paper No. 2425 m) 
Synopsis: November 1957 


J. F. MEREDITH, B.SC., and E. A. FREEMAN, B.SC. “The 
Simulation of Distributed-Parameter Systems, with 
particular reference to Process Control Problems’ 
(Paper No. 2376 mM) Synopsis: July 1957 


J. L. DOUCE, M.SC., PH.D., and J. C. WEST, PH.D., B.SC. 
‘A Magnetic-Drum Store for Analogue Computing’ 
(Paper No. 2393 m) Synopsis: July 1957 


S 16 Wednesday (In conjunction with the British Nuclear 
Energy Conference) K. L. STRETCH, M.A. ‘Operational 
Experience—Calder Halli’ (Paper No. 2594 s) 

* No advance information will be available and no Press report will 
be permitt 


+ An abstract will be available in advance. 
t No advance information will be available. 





British Nuclear Energy Gonference : 
Forthcoming Programme 


Details of two forthcoming meetings of the British Nuclear 
Energy Conference are given below. They will be held at 
5.30 p.m., with tea at 5 p.m.; tickets of admission are not 
required. 


1958 
MARCH 18 Tuesday 

Sponsoring society and place of meeting: The Institution of 
Civil Engineers, Great George Street, London, S.W.1. 


James Forrest Lecture on FURTHER DEVELOPMENTS IN NUCLEAR 
POWER 
Sir John Cockcroft, 0.M., K.C.B., C.B.E., F.R.S. 


APRIL 16 Wednesday 
Sponsoring society and place of meeting: The Institution of 
Electrical Engineers, Savoy Place, London, W.C.2. 
OPERATIONAL EXPERIENCE—CALDER HALL 
K. L. Stretch, M.A. 
Advance copies will be available not later than ten days before the 


meeting from the Secretary of The Institution of Electrical 
Engineers. 
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District Meetings 


Arrangements for District Meetings in March other tha 
those in the area of a Local Centre. 


March 1958 


MAIDSTONE (At the Medway College of Techno. 
logy, Maidstone Road, Chatham, at 6.30 p.m, fo 
7 p.m.) 


3 Monday Informal Evening on ‘Electronics anj 
Automation’. Talk by H. A. Thomas, pD:sc., onf 
‘Some Industrial Applications’ 


BEDFORD (At the Swan Hotel, at 7.15 p.m., te 
at 6.30 p.m.) 


11 Tuesday R. J. HALSEY, C.M.G., B.SC.(ENG.) ‘The Trans. 
atlantic Telephone Cable’ 


OXFORD (At the Southern Electricity Board, 
37 George Street, at 7 p.m.) 


12 Wednesday F¥. J. LANE, O.B.E., M.SC. ‘High-Voltag 
D.C. Transmission with special reference to Cros 
Channel Cable’ 


HATFIELD (At Hatfield Technical College, Re 
Green, at 7 p.m., tea at 6.15 p.m.) 
27 Thursday A. DOUGLAS ‘Electrical Synthesis of Music’ 


Contents of the Current Issues 
of the Proceedings 


The date in italics is that of the Journal review or special article. 
PART A. POWER ENGINEERING 
(FEBRUARY 1958) 

T. E. GOLDUP, C.B.E. 

Inaugural Address January 1958 


PROFESSOR M. G. SAY, PH.D., M.SC. 
Supply Section: Chairman’s Address November 1957 


H. S. PETCH, B.SC.(ENG.) 
Measurement and Control Section: Chairman’s Address 
November 1957 


Centre, Sub-Centre and Group Chairmen’s Addresses 


Discussion on The Willis Jackson Report ‘The Supply and Training 
of Teachers for Technical Colleges’ before an Ordinary Meeting 0 
The Institution 


J. H. WALKER, M.SC., PH.D., AND N. KERRUISH, M.A. PAPER NO. 24235 
Parallel Operation of Two Synchronous Machines 


PROFESSOR G. H. RAWCLIFFE, M.A., D.SC., AND N. L. GARLICK. PAPE 
NO. 2443 U 

Two Improved Chorded Windings for 3: 1 Pole-Changing 
January 1958 


W. HOLTTUM, M.ENG. PAPER NO. 2484 U 
The Case for Open Installation for Metal-Sheathed Cables, wit} 
some notes on Construction February 1958 


PART B. RADIO AND ELECTRONIC 
ENGINEERING (JANUARY 1958) 


See the Journal for January 1958, p. 46. 


PART C. MONOGRAPHS (SEPTEMBER 1957) 
See the Journal for September 1957, p. 525. 
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THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS 
2TH JANUARY 1958 


conferred by Her Majesty: 


EMPIRE 


Ball, E. H. (Member). 
Barraclough, Alan, B.sc. (Member). 
Mason, J. A. (Member). 


Chew, W. G. N. (Member). 
Dell, R. (Member). 


McMahon, R. A. (Member). 


« Rowe, E. G., M.sc. (Member). 


Smith, W. E. (Member). 
Welch, L. H., B.sc.(ENG.) (Member). 


Lloyd, Harold (Member). 
Thwaites, J. E. (Member). 


associated with The Institution 


Abbott, J. R. 
Arnott, J. W. 
Bamford, P. E. 
Barney, Sqdn.-Ldr. L. W. 
Barton, Capt. R. G. 
a a. 
am, Major C. 
Boyer, J. R. 
Brander, J. 
Brook, Lt.-Col. R. V. C., 0.B.E. 
Burgess, W. A. A. 
Chetty, C. V. K., M.B.E., B.A., 
Po aang . 
Oksey, K. P. 
Clark, W. 
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ANNOUNCEMENTS TO MEMBERS 





RECEIVED TO 


No. of 
Contributors S. <t 
£1000 and over 6 6000 0 O 
£100 to <£1000 30 6586 3 0 
£5 to <£100 849 9027 11 7 
£2 to <£5 2041 §572 18 11 
Under £2 22797 11900 10 5 
£39087 3 11 


HONOURS AND DISTINCTIONS 
CONFERRED ON MEMBERS 


The names of the following members of The Institution were 
included in the list of New Year Honours and Distinctions 


KNIGHT GRAND CROSS OF THE ORDER OF THE BRITISH 


Yarrow, Sir Harold E., Bart., c.B.£. (Companion). 


COMMANDER OF THE ORDER OF THE BRITISH EMPIRE 


Pulling, M. J. L., 0.B.£., M.A. (Member). 


OFFICER OF THE ORDER OF THE BRITISH EMPIRE 


Elford, Lt.-Col. E. N., T.D., R.A. (Associate Member). 
Fitzer, H. C., B.SC.(ENG.) (Associate Member). 
Gillies, J. F., PH.D., B.E., B.SC.(ENG.) (Member). 


MEMBER OF THE ORDER OF THE BRITISH EMPIRE 


FIFTY YEARS OF MEMBERSHIP 

The Council take much pleasure in placing on record the 
completion of fifty years of membership of The Institution by 
the members whose names appear below; they first became 


in the year 1908. 


Cockshott, E. H. 

Cole, F. A. 

Cole, G. W. 

Collins, A., M.B.E., B.SC.(ENG.) 
Comerford, E. 

Cooch, H. 

Cooper, J. S. St. G., M.A., B.SC. 
Crompton, A. W. 

Cross, Capt. H., M.B.E., M.c. 
Dalmer, I. 

Davies, J. 

Davies, P. L. 

Dent, A. E. 

Dinham-Peren, A. E. H. 
Dixon, T. A. F., 0.B.£. 


Fifty Years of Membership (contd.) 


Doran, J. G. McCall, W. T., M.Sc. 
Eaton, R. N. Matthews, L. J. 
Edwards, E. G. Medforth, G. T. 


Fletcher, R. W. J. Parrott, R. G. 

Franklin, G. Paton, G. K. 

Gardner, A., B.Sc. Peel, M. L. 

Garrett, W. B., B.SC. TECH. Phillips, E. G., 0.B.£., M.A. 

Gifford, R. D., pD.sc., F.R.A.S. Poole, H. E. 

Goodall, J. M. Porter, T. Y. 

Gow, A. G. Reay, G. H. N. 

Grimes, The Venerable C. J.,p.p. Ridsdale, J. L. D. 

Gundry, A. R. Robertson, A. T. 

Hacking, Sir John Rogers, W. L. A. 

Hall, T. Rye, A. N. 

Helme, G. S., T.D. Scampton, G. O. 

Higgins, Capt. C., 0.B.E., Sellens, F. C. 
B.SC.(ENG.) Sherwood, F. G. 

Hills, S. M. Shipley, J. F. 

Hollingworth, J., M.A., Sichel, G. M., B.Sc. 
D.SC.(ENG.) Smith, C. W. 

Hurst, T. H. Thompson, H. S., c.B.£. 

Hutt, A., M.B.E., B.SC. Tufnell, C. P. 


Jack, H., B.sc. Vincent, J. D. A. 


Jockel, L. M. Walshe, J. M., M.B.E. 
Keelan, Col. R. E., 0.B.E., M.C., Weaver, H. G. 
T.D., R.E. Webb, E. H. 


Williams, H., B.SC.TECH. 

Willoughby, G. P., 0.B.£., 
M.SC.TECH. 

Yeates, A. C. 


King, F. A., C.B.E. 

Langton, J. L., M.sc. 

Lee, Sir George, 0.B.E., M.C. 
Long, Major R. F., M.c., R.E. 
Low, D. W., B.sc. 


DISCUSSIONS AT MEETINGS 


The Council desire it to be understood that contributions to 
the discussions at meetings should not be read from manu- 
script, since they consider that this form of presentation is 
contrary to the true spirit of a discussion. 


WRITTEN CONTRIBUTIONS TO 
DISCUSSIONS 

Members who are unable to be present at a meeting, or who, 
if present, do not have an opportunity of speaking, may 
submit written contributions to the discussion which will be 
considered for publication in the Proceedings. This does not 
apply to Informal Meetings or Discussion Meetings. 

We would also remind members that written contributions 
on papers published in the Proceedings without being read at 
meetings will be considered for publication. 

Members should note that the Papers Committee have 
been obliged to set a limit of 300 words for contributions of 
either sort. 


COMMUNICATIONS FROM OVERSEA 
MEMBERS 

Oversea members are specially invited to submit, for publica- 
tion in the Proceedings, written communications not exceeding 
300 words on papers read before The Institution or published 
in the Proceedings without being read. The contributor’s 
country of residence will be indicated. Brief articles, items of 
news and photographs intended for the Journal will also be 
most welcome. 

Copies of all papers read before The Institution are sent to 
each Oversea Representative of the Council for distribution 
to members likely to be in a position to submit communi- 
cations. 
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PROCEEDINGS AND SCIENCE 

ABSTRACTS 

OUT-OF-PRINT NUMBERS 

The Secretary would be glad to receive copies of the following 
issues of the Proceedings and Science Abstracts. Subscribers 
are invited to return their copies to him in order that the gaps 
in the stock of back numbers can be filled. Payment would 
be made at the rate of 5s. for the Proceedings and 2s. 6p. for 
Science Abstracts, for each copy in good condition, plus 
postage. 


Proceedings 
1954 Vol. 101 Part1 No. 127 


Science Abstracts 
Section A (Physics) 


1956 Vol. 59 January to June Nos. 697 to 702 
1956 Vol. 59 August to December Nos. 703 to 708 
1956 Vol. 59 Index Number 


Section B (Electrical Engineering) 
1956 Vol. 59 January, February Nos. 697, 698 


1956 Vol. 59 April to August Nos. 700 to 704 
1956 Vol. 59 October No. 706 
1956 Vol. 59 December No. 708 


ELECTROMAGNETISM AND RELATIVITY 


Attention is called to the review on p. 95 of Professor E. G. 
Cullwick’s recent book on ‘Electromagnetism and Relativity, 
with particular reference to moving media and electro- 
magnetic induction’. Assistance with the publication of this 
work has been given to the author by the Technical Publica- 
tions Panel of The Institution, and the publishers state on 
one of the preliminary pages that the book is published ‘with 
the co-operation of The Institution of Etectrical Engineers’. 


NATIONAL TELEMETERING 
CONFERENCE 1958 


A National Telemetering Conference will be held in Baltimore, 
Maryland, U.S.A., in June 1958. The papers presented and 
discussed will deal with telemetering techniques and systems 
and their industrial, medical and nuclear applications. There 
will be an exhibition of technical advances in telemetering 
art, as well as a banquet and other social functions. Those 
wishing to contribute a paper must submit its title as soon as 
possible and two copies of an abstract by the 18th March. 
Further details may be obtained by writing to Mr. W. J. Mayo- 
Wells, National Telemetering Conference 1958, 3830 Beecher 
St. N.W., Washington, 7, D.C., U.S.A. 


THE UNIVERSITY OF DURHAM APPEAL 


The University of Durham is appealing for funds to help with 
the re-equipment and expansion of the scientific laboratories 
in the Durham Colleges. The intended alterations are directed 
particularly towards increasing the annual output of graduate 
physicists and chemists. Electrical organizations (particularly 
those employing physicists or chemists) and any graduates of 
Durham University who are interested in the scheme are 
invited to get in touch with Sir James Duff, The Warden, 
The Durham Colleges, 38 North Bailey, Durham. 
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INTERNATIONAL STUDY DAYS ON 


MODERN POWER PLANTS 





The Association des Ingénieurs Electriciens sortis de I’ Instity 
Electrotechnique Montefiore is organizing from the 27th 





ME 
SE} 
A SY 


31st May 1958 some International Study Days on Modem} The. 
Thermal and Hydraulic Power Plants, which will be held jj} ‘Met 
Liége, Belgium. The Conference will be divided into foy} held 
sections, dealing with boilers, steam turbines, hydraujg} 60St 
turbines and alternators. The official languages will fy pts 


French, English and German, and instantaneous translatig 
will be available to those attending the meetings. The pm 
gramme includes tours and technical visits and, in particular, 
a visit to the Brussels International Exhibition. 

Preliminary reports by American, Belgian, British, French 
German and Swiss authors will be published before tk 
opening of the meeting. The registration fee, which entitls 
a participant to the reports of one section, is 600 Belgin 
francs. Further particulars may be obtained from the Secretan, 
International Study Days, 1 rue de Spa, Liége, Belgium. 


PORTRAIT OF G. R. KIRCHHOFF 


In accordance with its tradition of publishing annually: 
portrait of a pioneer of communication engineering, tk 
Union internationale des télécommunications has recently 
issued an etching of G. R. Kirchhoff. Like previous portrait 
in the series, it is printed on art paper and measure 
23cm X 17cm. It may be obtained from the Secrétaria 
générale de l’Union internationale des télécommunication, 
Palais Wilson, 52 rue des Paquis, Geneva, price 3 Swiss frans 
(post free). Copies of the portraits issued in previous yean 
are also available. 


WORLD POWER CONFERENCE: 
SECTIONAL MEETING IN MONTREAL 


The theme of the Sectional Meeting of the World Powe 
Conference, to be held in Montreal from the 7th to It 
September 1958, will be ‘Economic Trends in the Production, 
Transportation, and Utilization of Fuel and Energy’. The: 
Papers Committee, under the chairmanship of Sir Josiah 
Eccles, have arranged for sixteen papers to be presented ty 
the British National Committee, and a list of these papersis 
now available. The programme for the meeting, with member 
ship and other application forms, will be ready very shortly. 
Inquiries about this should be addressed to The Secretary, 
British National Committee, World Power Conference, 
201 Grand Buildings, Trafalgar Square, London, W.C.2. 


LECTURES ON MAGNETIC AMPLIFIERS 
AT BRISTOL 


The Bristol College of Technology has arranged a post 
graduate course of lectures on ‘Magnetic Amplifiers’ whichis 
designed for engineers employed in industry and in research; 
the course will survey basic principles and applications. The 
lectures will be given on the evening of Friday, 7th Mard, 
and on Saturday, 8th March, by Dr. E. H. Frost-Smith. Ti 
fee for the course (exclusive of accommodation and meals)’ 
£2 2s. Those interested should apply immediately to tk 
Organizer of Short Courses, The College of Technology, 
Ashley Down, Bristol 7, from whom further particulars may 
be obtained. 
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METALLURGICAL ASPECTS OF 
SEMI-CONDUCTORS 
A SYMPOSIUM AT BIRMINGHAM 





1 Modem} The Institute of Metals is organizing a one-day symposium on 
¢ held ip ‘Metallurgical Aspects of Semi-Conductors’, which will be 
into foy) held on the 25th February at the College of Technology, 
hydraulie} Gosta Green, Birmingham. Some short papers will be 
- "will ff presented, but copies of them will not be available before the 
-anslation meeting. Visitors will be welcome and admission will be 
The prof without ticket. Further particulars may be obtained from the 
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Secretary of The Institute of Metals, 17 Belgrave Square, 
London, S.W.1. 


SPECIAL COURSES IN HIGHER 
TECHNOLOGY 


The programme of specialized courses at technical colleges 
in London and the Home Counties for the spring and summer 
terms 1958 has recently been published. The courses are 
mainly part-time and do not appear regularly in college 
calendars or prospectuses. They cover a wide range of 
advanced subjects, and the fees vary from 10s. to £2, depending 
on the number of lectures. Those interested will find further 
details in the ‘Bulletin of Special Courses in Higher Tech- 
nology, 1957-58, Part II’, issued by the Secretary, Regional 
Advisory Council, Tavistock House South, Tavistock Square, 
London, W.C.1, price 3s. post free. 


BRITISH ELECTRICAL CONFERENCE 


The British Electrical Conference, which was briefly noted in 
last September’s issue, will be held in Brussels on the 16th and 
17th May 1958—one month after the opening of the Universal 
and International Exhibition. The two meetings of the 
Conference will take place in the Exhibition Auditorium. 

Membership of the Conference is restricted to representa- 
tives nominated by associations and firms supporting the 
collective exhibit. Hotel accommodation will be available 
for members of the Conference, but it is essential that early 
indication should be given of the type of accommodation 
required. 

Delegates will assemble at Brussels on the 15th May. At the 
first meeting of the Conference, on Friday morning, the 
16th May, Sir Gordon Radley will read a paper on ‘Communi- 
cation between Nations and Peoples’, and at the second 
meeting, on Saturday afternoon, the 17th May, Sir John 
Cockcroft will deliver a paper on ‘Nuclear Energy, the Power 
of the Future’. The Conference will end with a reception of 
members on Saturday evening. 

Further details may be obtained from the Organizing 
Secretary, British Electrical Conference, 36 Kingsway, 
London, W.C.2. 


GRANTS FOR GRADUATES 


The Department of Scientific and Industrial Research will 
again offer awards this year for post-graduate training in 
science and technology. A new edition of ‘Notes on D.S.I.R. 
Grants for Graduate Students and Research Workers’ 
(H.M.S.O., 1s. 6p.) provides full details of the scheme. 

Last year, 649 new Research Studentships were awarded 
by D.S.LR. in addition to those which were renewed for 
second and third years. Also, 152 of the newly introduced 
Advanced Course Studentships were awarded. The Depart- 
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ment hopes this year to be able to make at least as many new 
awards as in 1957. 

The values of these studentships remain much the same as 
last year—but certain students now qualify for additional 
awards two years earlier than previously. This innovation is 
mainly to attract those with useful industrial backgrounds to 
undergo training in methods of research without a con- 
siderable drop in salary. 

Forms of application for studentships are supplied only to 
senior staff of departments of science and technology in 
universities, colleges and other approved establishments. 
Candidates over the age of twenty-seven are not usually 
accepted for studentships. The Department will in future 
consider the payment of allowances for dependents in certain 
instances. 

The booklet mentioned above also explains two other 
schemes: D.S.I.R. Research Fellowships for outstanding 
young investigators already trained in methods of research; 
and grants for special researches to allow investigators of 
acknowledged standing to initiate and develop promising 
research work. 


THE ELECTRIC RAILWAY SOCIETY 


Railways have a fascination for numerous people who may 
know little about them or rarely use them. Perhaps such 
fascination often stems at least partly from childhood enjoy- 
ment of a model train set, but there is more behind it than 
that: enthusiasm for constructional toys, such as Tinkertoy 
and Meccano, does not necessarily develop into any lasting 
interest in the work of the civil engineer. The cult of railways 
has indeed something in common with the cult of the veteran 
or vintage car. In both may be found a mixture of appreciation 
of former enterprise and fine engineering, interest in per- 
formance, and nostalgic certainty that the golden age in 
Britain of mechanical transport was long ago. But the 
throbbing steam locomotive, with its whirling wheels and 
billowing exhaust plume, is still with us, and it alone must 
contribute significantly to adult interest in railways, through 
the glamorous impression which it leaves on ear and eye. 
Not so at present the motor-coach on the London Tube, or a 
Manchester-Sheffield electric locomotive. 

Sir Brian Robertson, speaking in January 1955 about the 
British Transport Commission’s modernization plan, implied 
that the Commission was not blind to the value of railway 
fascination as a constituent of goodwill between travellers 
and British Railways. He said, in referring to the end of 
building steam locomotives, ‘We are honestly seeking a means 
to avoid losing all the romance which has attached to this 
great iron horse’. (The Publicity Officers of British Railways 
have, unfortunately, done singularly little to cultivate such 
romance in the three years that have since elapsed.) But, as 
the quiet, if good-looking, electric locomotive and the rather 
soulless motor-coach trains become more widespread, the 
preservation of railway fascination will not be easy. Does the 
key lie in the emergence of a new type of fascination—for the 
bustling competence with which electric railways handle 
dense traffic? 

It was in fact the articulate emergence uf such a fascination 
which led to the founding of the Electric Railway Society in 
1946. By now a well-established body, it caters especially for 
those interested, professionally or otherwise, in electric 
railways. It is not a crowd of juvenile enthusiasts; it encourages 
a discriminating approach to its subject. Talks on a variety of 
topics, e.g. ‘Rectifier Locomotives’ and ‘American Impres- 
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sions’ (the latter with colour films), are presented at the 
monthly meetings in London, and appropriate visits form 
part of the annual programme. Branches are now being 
started in the Provinces. 

The Society publishes a two-monthly journal, with original 
articles on the engineering, operation, history, and even 
sociology, of electric railways; it includes ‘news flashes’ and 
summaries of the Society’s proceedings. The Honorary 
Secretary, at 4 Sandhurst Road, Sidcup, Kent, will be pleased 
to send inquirers further information on the Society and its 
publications. 


SCHOLARSHIPS 1958 


The Council will consider the following scholarships for award 
this year: 


RESEARCH SCHOLARSHIPS 


Ferranti Value £500 per annum for two years 

1.M.E.A. Value £420 for one year; may be 
extended 

Oliver Lodge Value £420 for one year; may be 
extended 


Value £120* for one year 
Maximum grant £100 


Swan Memorial 
C. P. Sparks Fund 


GRADUATE SCHOLARSHIPS (for full-time post-graduate study) 


Duddell Value £400 for one year 
Silvanus Thompson Value £400 for one year 


STUDENT SCHOLARSHIPS 


Duddell Value £200 per annum for three years 
Silvanus Thompson Value £200 per annum for three years 
Sir Arthur Fleming Value £120 per annum for four years 


Paul Value £75* per annum for four years 
Salomons Value £60 for one year 
David Hughes Value £60 for one year 
Sir Charles A, Parsons Value £60 per annum for three years 
Thorrowgood Value £25 for one year 


The Student Scholarships are awarded to candidates wishing 
to study at undergraduate level at a university or a technical 
college and may also be awarded to candidates pursuing an 
industry-based sandwich course in electrical engineering. 

The closing date for the receipt of applications is the 
Ist May 1958 for Student Scholarships, and the 2nd June 
1958 for Graduate and Research Scholarships. Full particu- 
lars of the conditions of award attached to each scholarship, 
* Value may be increased for a candidate of outstanding merit. 





SATELLITES (continued from page 83) 


were now at a time of maximum sunspot activity, which, 
moreover, was one of unprecedented intensity. He stressed 
the need for knowing the orbit accurately if best use was to be 
made of satellite transmitters for ionospheric research. The 
only people who could do this were the optical astronomers, 
whose instruments were not handicapped by errors due to 
refraction through the ionosphere. Their main difficulty was 
knowing where to look, and Dr. Smith-Rose urged closer 
co-operation between radio and optical astronomers. 

Before closing the meeting, the Chairman read a letter from 
the Academy of Science of the U.S.S.R. which expressed 
their regrets at not being able to send representatives, but 
extended their best wishes for a successful meeting. 

The vote of thanks to the contributors showed clearly 
that the meeting had indeed been a very successful and 
interesting one. B. G. P. 
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and nomination forms, may be obtained on application to th 
Secretary, The Institution of Electrical Engineers, Savoy 
Place, London, W.C.2. 


ANNUAL DINNER 


The number of applications from members wishing to atteng 
the Annual Dinner has greatly exceeded the accommodation 
available, and a waiting list for returned tickets was opened 
on the 8th January. 

Members who have already received tickets, and subse 
quently find they are unable to attend are asked to retum 
them without delay, so that their places can be allocated tp 
members on the waiting list. 

In accordance with the Council’s decision, when th 
majority of the tickets had been issued, the remainder wer 
issued to members only. 


AERIAL NAVIGATION AND AIR TRAFFIC 
CONTROL 


A MEETING IN BERLIN: MAY 1958 


The Ausschuss Fiir Funkortung, whose headquarters are a 
Diisseldorf, is holding its Annual Meeting in Berlin from th 
19th to 24th May 1958, at which Aerial Navigation and Ai 
Traffic Control will be under discussion. The programme 
not yet fixed, but it will be divided into nine parts on a basis 
of subject, ranging from practical experience in aircraft t 
new scientific developments which might eventually k 
employed to improve aerial navigation and control. Th 
meeting is open without charge to anyone interested, but the 
organizers would like to know, as soon as possible, the name 
of intending participants. Inquiries should be addressed to 
Ausschuss fiir Funkortung, Diisseldorf, Am Wehrhahn %, 
Germany. 


NUCLEAR ENGINEERING 


A COURSE IN BASIC PRINCIPLES AT LIVERPOOL UNIVERSITY 


The Department of Extra-Mural Studies of the University of ‘ 


Liverpool is arranging a short residential course on the ‘Basic 
Principles of Nuclear Engineering’ from Sunday 13th to 
Saturday, 19th April 1958. This introductory course i 
intended primarily for qualified engineers and others wishing 
to learn something of the problems of large-scale nuclear 
power programmes. It will include a review of the mt 
relevant parts of nuclear physics. The lecturers are Professor 
H. W. B. Skinner, Professor J. M. Cassels, Dr. L. L. Green 
and Dr. F. D. S. Butement. Most of those taking the cours 
will be accommodated at Derby Hall, but local students can 
be accepted on a non-residential basis. Further particulas 
and an enrolment form may be obtained from the Director 
of Extra-Mural Studies, 9 Abercromby Square, Liverpool, 7. 





OVERSEA ATTENDANCE REGISTER 

During the period 17th December 1957 to 15th January 1958 th 
following members called at the Institution building and signed th 
Attendance Register of Oversea Members: 

ADDISON, J. D. (Kuwait, Arabia) KASARGOOD, S. V. (Bombay) 
BEATTIE, I. (Rangoon, Burma) McDONALD, J. R. (Kingston, 


BOLUS, C. A. (Kuala Lumpur) Jamaica) 
BUCKINGHAM, S. D. (Brunei Town, PETTIFOR, P. H. (Johannesburg) 
THRUPP, W. F. (Mel 


runei) bourne) 
JAMIESON, J. A. A. (Niagara Falls, VENKATESWARAN, S. (Palghat, 
Canada) India) 
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Maturity takes Time 

Owing, no doubt, to the December fog, the attendance at 
Dr. J. V. Dunworth’s lecture on advanced reactors on the 
Sth December 1957 was a modest one for a lecture on such a 


cated tof fashionable subject. 


Any lack of numbers in the lecture theatre at Savoy Place 


hen the} was amply compensated by the fact that the Irish Branch were 
der were listening in Dublin to a direct transmission of the lecture. 


FFIC 


Mr. L. Collins, the Chairman of the Irish Branch, who 
proposed the vote of thanks, recorded excellent reception and 
welcomed the lecture as representing, in some measure, a 
restoration of freedom of discussion of matters which have 
for so long been shrouded with a cloak of secrecy. 

Since the occasion was the delivery of a lecture, there was 
no general discussion, but the majority of members present 


S af ai would no doubt have endorsed Mr. Collins’s view that 
rom the Dr. Dunworth had struck a happy balance in presenting a 
and Ait}iecture on a comparatively new and complex subject to 
MME b} persons not versed in it. 


1 a basis 


Perhaps the most significant part of the lecture was the 


craft 10} emphasis laid by Dr. Dunworth on the evolutionary aspect of 
ally be} reactor technology. He pointed out that the time which will 
Ol. TheIhave been taken from the start of preliminary work on the 
but the} Calder Hall type of reactor to the commissioning of the first 
© Nam } commercial station will be fifteen years. However, the United 
ssed to Kingdom, in 1946, started its work on atomic energy with 
ahn 4, nothing more than green fields and grey matter, and the 


time-scale might be compressed for subsequent developments; 
but even so the immense amount of scientific and engineering 
efort necessary to carry a new reactor type to the point of 
commercial application will mean that very few of the many 


Y possible types will achieve commercial status. R. H. B. 


<< DISCUSSION MEETING 


wishing } The Measurement of the Dynamic Characteristics of Electrical 
nucleat } Machines 


expressed the view that this ought to have been Measurement 


On the 19th November 1957 the Measurement and Control 
and the Utilization Sections jointly discussed methods of 
measurement applicable to machines under conditions of 
change. Controversy ensued immediately. The subject had 
been announced as The Measurement of the Dynamic Charac- 
teristics of Electrical Machines, and several contributors 


of Transients. In any case the topic proved so large that even 


——= | ree opening speakers, Messrs. J. M. Layton, V. N. Manohar 


and R. A. Stevens, and the many contributors to the lively 
discussion that followed, could deal with only a few of the 


958 th} Many problems of interest. 


ned the 


urg) 


Mr. Layton and Mr. Stevens dealt mainly with d.c. 


machines such as rotary amplifiers and especially with the 
y) measurement of their frequency response, while Mr. Manohar 
referred mainly to alternators, describing a torque-meter for 
(cording transient torques and showing a short cinema film 


ighat,_§ 0 Which the movements of the end windings of an alternator 


TF 
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stator, resulting from short-circuits, were made visible in 
slow motion. 

The disconcerting fact was soon established by the first 
speakers, supported by much evidence from others, that even 
the simplest d.c. machine, not to mention the more elaborate 
multi-stage machines, behaves in practice in a very different 
manner from that indicated by the simple differential equations 
of the textbooks. What is alarming is the extent of these 
discrepancies. Mention was made of machines in which 
apparent time-constants could differ from those of the 
simplest theoretical model by factors of as much as ten. Many 
contributing causes to such anomalies were pointed out. 
There is the important and complex effect of the circulating 
current in the commutating coils and through the brushes 
under conditions of change, affected by the variable resistance 
of the brush contact. There are iron losses and hysteresis, and 
very significant effects from the mutual interference of fluxes 
in quadrature in saturated iron. Mr. Stevens cited experi- 
ments on a Magnavolt amplifier that showed lack of con- 
sistency between the responses to a step input and the 
response to sinusoidal inputs. In the discussion many contribu- 
tors, including Mr. B. Adkins, Mr. J. W. Parry, Mr. K. F. 
Raby and Dr. D. G. O. Morris, made useful suggestions 
regarding the possible explanation of these anomalies and 
their implication in measurement procedure. The general 
impression from this part of the discussion was that a real 
need exists for a more comprehensive experimental and 
theoretical study of transients in d.c. machines. 

Mr. Manohar, in introducing the problems of transient 
measurement on a.c. machines, referred to the measurement 
of shaft torque by strain gauges, using a transistor amplifier 
built into the shaft to minimize slip-ring errors. He also 
referred to the use of model. machines (the so-called micro- 
machines) and the observation of transient forces on windings. 
The discussion showed that much remained to be done to 
develop means for obtaining the complete set of measurements 
necessary to elucidate the behaviour of alternators under 
transient conditions. Dr. W. G. Thompson in particular 
referred to the importance of accurate load-angle measurement 
and the possibility of measuring acceleration by accelerometers 
based on piezo-electric effects. 

The discussion was lively and useful, and it may be hoped 
that it will stimulate further efforts in this field. A. T. 


DISTRICT MEETINGS AT OXFORD 


Modern Railway Electrification 

The second District Meeting of the session was held at the 
Oxford office of the Southern Electricity Board in November 
1957: Mr. H. H. C. Barton gave a lecture on Railway 
Electrification at the Standard Frequency. This was largely 
based on a joint paper by Mr. Barton and Mr. E. L. E. 
Wheatcroft, which was read before The Institution in 
February 1956. Mr. Barton made a very thorough and compre- 
hensive survey of the general principles of railway electrifica- 
tion, in which he made skilful use of photographs taken in 
many parts of the world. The relative merits of d.c. and a.c. 
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electrification at high and medium voltage were clearly 
defined. Other issues arising directly from electrification were 
treated, and in particular the important problem of inter- 
ference with communication circuits was stressed. 

The discussion covered, amongst other topics, the pros 
and cons of regenerative braking and the problems of track 
adhesion. 

Mr. D. Westwood was in the chair, and the vote of thanks 
was proposed by Mr. J. C. Napier, who complimented 
Mr. Barton on the fascinating way in which he had covered 
a complicated subject. D. W. 


Modern Aircraft Control 


There were fifty-seven members and visitors at the January 
District Meeting at Oxford to hear a paper by Mr. A. E. 
Jaquemet and Mr. D. B. Clemow on The Ground and Air 
Control of International Civil Airlines. The lecture traced the 
development of aircraft communication from 1911 to the 
present day and clearly showed how new techniques were 
being developed to keep clear the highways of the air. First 
and foremost were safety considerations, and Mr. Jaquemet 
illustrated these by a description of the air channels into 
London Airport, explaining how the navigational aids 
ensured the safe, orderly and expeditious movement of 
aircraft to and from Heathrow. 

After a break for refreshments there was a full hour’s 
discussion embracing such topics as the merits of inertial 
and electronic systems for position finding and the inherent 
difficulties of language in ground control approach, particu- 
larly in countries behind the Iron Curtain. 

In proposing a vote of thanks, which was carried with 
enthusiasm, Mr. D. Westwood congratulated the authors on 
their neat method of presenting information about maximum 
usable frequencies. He felt this was a distinct improvement 
over the conventional charts. W. H. L. 


MEASUREMENT AND CONTROL SECTION 
RADIO AND TELECOMMUNICATION 
SECTION 


Cascading Dekatrons! 


This expression might be very aptly used to express wonder 
and delight at the spectacle of decades of small cold-cathode 
counting tubes which looked rather like miniature catherine 
wheels and which, in the course of a demonstration, behaved 
themselves admirably. The demonstration followed the 
reading of a paper entitled Dekatrons and Electro-Mechanical 
Registers operated by Transistors by G. B. B. Chaplin and 
R. Williamson on the 3rd December 1957. This was just the 
first of a series of four papers presented and discussed at a 
well-attended combined meeting of the Measurement and 
Control and the Radio and Telecommunication Sections, 
under the chairmanship of Mr. H. S. Petch. The four papers 
are reviewed on pp. 86-90. 

Dr. Chaplin explained that the secret of the good behaviour 
of Dekatrons is to drive them properly, and, of course, what 
better way than by transistors? Although in the subsequent 
discussion Mr. L. C. Burnett considered the necessity of 
specifying waveforms for Dekatrons as something of a 
‘Harwell fairy tale’, Dr. Chaplin maintained that the excellent 
characteristics of the present scaler were the direct outcome 
of this policy. Both Mr. F. Holmes and Dr. J. E. Flood fished 


112 





for information about applications of this Dekatron counterlsilico! 
scaler. Could it be applied to parallel printing techniques }main! 
logical circuits, etc.? And anyhow, what did it cost? Dplalloy- 
Chaplin, however, did not rise to this bait, since such mundanefhad 1 
things as applications and costs had never been considered |phisti 
Apparently the development had all been done in the cang|phase 
of pure science. AV 
Mr. G. M. Ettinger then read his paper entitled Som|the o 
Aspects of Half-Wave Magnetic Amplifiers, but it was a pityjopera' 
that this followed the usual pattern we have come to associaigiput h 
with papers on this subject, namely masses of curves anjjlarge 
data, which produce a general feeling that one cannot gefabsen 
the wood for the trees. Mr. Ettinger would have been better{north« 
advised to stick to the salient features, taking greater painjno fel 
to explain clearly just what the problem was and how far his} Av 
analysis had helped in its solution, without being so anxioy|was cé 
to give us the whole works. Details of the analysis cou 
safely be left to those sufficiently interested to study at ther 
leisure. Magnetic amplifiers are such useful devices that thajgyp 
deserve a better fate than has so far been accorded them, h oc 
the discussion, Dr. E. H. Frost-Smith—one of the cognosceni}” 
—challenged one or two points, which Mr. Ettinger after} RA 
wards neatly contrived to side-step, but it is questionable if 
anyone else present really appreciated the subtlety of th rench 


argument. Give | 
Dr. Chaplin, having by now got his second wind, thepolilog 
discoursed on the evening’s piéces de résistance, which werjPimpa 


the following two papers both written in conjunction withjand th 
Mr. A. R. Owens: Some Transistor Input Stages for High-Gan\France 
D.C. Amplifiers, and A Transistor High-Gain Chopper-Typ\ The 


D.C. Amplifier. oder 

A preview of this work was given at a discussion meeting omfhad be 
the 26th March 1957, and, in the present papers, the i’s havgthe sh« 
been dotted and the t’s crossed. In their formal presentatioafteristic 


the papers certainly appear to be very useful and instructivejof Fre: 
Having, in the first paper, generally surveyed all possibl(orial 
ways of using germanium transistors in d.c. amplifying circuitypresen 
the authors concentrate, in the latter paper, on what theypssistec 
regard as the most promising method—one well enoughmotice. 
known and tried with mechanical choppers, but all the mor| Perh 
attractive when these can be eliminated in favour of transistorsjgeneral 
Briefly, an amplifier has been produced having a current dritprising 
of only 4 x 10-° amp, and a voltage drift of less than 100s¥fnotewc 


in the range 20-50° C. If one takes pains to control the tempem#o the 
ture, the drift can be reduced to about 3 x 10-!°amp. A limiteptation 
tion is that the bandwidth is restricted from direct current with cc 
about 25 c/s. Press a 

The discussion of these papers, which was long and heartyfhese h 
was opened by Mr. I. Wilson, who tendered some good adviepooling 
on the application of the amplifier to analogue computingfC.E.A. 
Mr. F. Oakes related his experiences about matching tramgarger t 
sistors in directly coupled amplifiers, although he still agreedprater 2 
that the chopper type was superior. Mr. J. S. Walker remindeipi¢ con 
us again that there is nothing new under the sun. The humaipets wit 
eye, when gazing upon a scene which is not fluctuating mpnd 27: 
pattern or intensity, executes very small movements whidplere w 


effectively chop the signals. Mr. D. C. Pressey was curious tempo 
know how linear the amplifier was. Mr. P. J. Price had sompilects « 
advice to offer about ways of increasing the bandwidth aad the 
25c/s and asked about possible methods of obtaining a goowp* lo: 
phase margin. Dr. C. J. Candy also offered some comme M. P 
on this question, and suggested means of reducing noise. 
Mr. Owens, in replying to the discussion, was very f 
about the difficulties and limitations associated with the 
of germanium transistors. He did not think that the gre 
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Countefsilicon transistor would be very successful as a chopper, 
hnique,}mainly because of the relatively high series resistance, although 
st? Dplalloy-junction types appear to be promising. Some speakers 
1undan|had referred to questions of phase, but in the rather unso- 
sidered, phisticated atmosphere of Harwell they do not measure 
1€ Caugg|phase! But at least the amplifier was linear. 

A very successful and convincing demonstration was given, 
d Somlthe output from a model of the chopper-type amplifier 
S a pityjoperating a large servo-controHed pointer. When Dr. Chaplin 
ssocia|put his finger on a thermocouple connected to the input, 
ves anijlarge deflections were obtained, but for long periods in the 
not selabsence of stimulation the pointer was as ‘constant as the 
n bettefnorthern star, of whose true-fix’d and resting quality there is 
er paimino fellow in the firmament’. 
v far his} A vote of thanks to the authors, proposed by the Chairman, 
anxiow{was carried with acclamation. J. K. W. 
is could 
at their 
hat thyisuPPLY SECTION 
hem Wis CIETE DES INGENIEURS CIVILS DE 


 afte./f RAN CE 
mable if me . . 
of th rench and British Power-Station Practice 

Give it an understanding, but no tongue.’ So might Hamlet’s 
\d, theasoliloquy on his father’s ghost have applied to Monsieur J. 
ch werjPimpaneau’s lecture to the joint meeting of the Supply Section 
on withiand the British Section of the Société des Ingénieurs Civils de 
gh-Gain\France at The Institution on the 18th December. 
er-Tye| The subject was The Planning and Construction of Large 
odern Thermal Generating Stations. An abstract in English 
eting mjhad been issued beforehand, and the lecture was confined to 
i’sh e showing of lantern slides illustrating the principal charac- 
entationfteristics of the Electricité de France system and giving views 
tructivejof French power stations. Unfortunately, owing to ambassa- 
possibledorial demands, M. Pimpaneau’s interpreter could not be 
circuityjpresent, but Mr. G. Froud stepped into the breach and 
at theyjassisted with a running commentary improvised at short 
enough Motice. 
he mor} Perhaps the main impression from the discussion was the 
nsistoseneral similarity in France and Britain of the problems 
ont driftjarising and the solutions adopted. There was, however, some 
1 100pVnoteworthy dissimilarity. Mr. F. H. S. Brown wistfully pointed 

































empera-#to the deep flowing rivers alongside most of the French 
\ limit#Biations seen in the slides. If Britain were equally endowed 
rrent wpvith copious inland water, a vociferous section of the British 


Press and public would have less opportunity of castigating 
heartyfhese hyperbolic adornments of the countryside known as 
d adviefeooling towers. In this connection, Mr. Brown referred to the 
aputingf-.E.A. experiment in ‘dry’ cooling towers, which, though 
1g trampatger than the present type, require much smaller supplies of 
| agreeirater and hence give more freedom in selecting inland sites. 
-mindeipie compared the French policy of standardizing on 115 MW 
 humaipets with the C.E.A. plans for large sets comprising 120, 200 
ating ind 275 MW units and one unit of 550 MW. In British eyes 
s whicpiere was a danger in too much standardization in the present 
rioust¢mpo of development, particularly in view of the possible 
ud somptlects of nuclear generation on the design of generating units 
yidth oad the increasing need for two-shift working on all but a few 
opase-load plants. 
M. Pimpaneau’s claim that the operating staff of a modern 
tation is 0-4 man per megawatt—about one-tenth the figure 
0 older Stations—was taken up by most of the speakers in 
he discussion. Mr. D. B. Irving, who spoke with ease and 
> grow#"arm in French, wanted to know how this low figure was 
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achieved. He also enquired how nuclear developments would 
affect the future planning of Electricité de France. 

This latter point was taken further by the next speaker, 
Mr. F. J. Hutchinson, who stressed the complementary 
nature of pumped-storage schemes to base-load nuclear 
generation. He advocated aerial survey and photography as 
a convenient means of obtaining site plans for preliminary 
layout purpose, when physical access is denied by the owners. 
Amongst other points he referred to the fire risks associated 
with central control rooms, and the disposal of fly ash, and 
defended the efficiency of cooling towers—when the wind is 
in the right quarter. 

Mr. W. J. Price, in a breezy speech appreciated by an 
audience more often subjected to the somewhat arid logic 
of technicalities, stressed the differences between French and 
British conditions. He maintained that the striving for higher 
temperatures and pressures should not be allowed to obscure 
the need to devote attention to the ‘wet back end’ of the 
turbine, which generates a quarter of the total power. He 
drew an analogy between the wastage of natural gas in Persia 
and the wastage of 30 million tons of coal a year in Britain 
through the rejection of low-temperature heat from the 
cooling-water system into the sea, and asked whether ‘instead 
of having beautiful lawns, which are very fine and aesthetic, 
we could not have an acre of glass greenhouses for every 20 MW 
and use the heat for them. We might be doing something not 
for the next decade but for the year 2000.’ During his advocacy 
of mechanical-draught cooling towers, Mr. Price amused his 
audience with a lament over an ideal power-station site that 
was used for a slaughter-house. 

On a more restrained note, Mr. A. W. Pedder argued that 
the formulae quoted by M. Pimpaneau relating to the 
economic development of a station must be used with 
discriminating judgment; they became interesting only when 
applied to a specific instance, and Mr. Pedder said he would 
like to know what figures M. Pimpaneau would substitute in 
the equation in the example of the 250 MW turbines which 
had been ordered. 

The last speaker, Mr. R. F. Alexander, emphasized that 
the large water demand of nuclear generating stations inflated 
the cost of civil engineering works. He urged the greater use 
of pre-stressed concrete and lighter construction for station 
buildings. Returning to the question of operating staff, he 
claimed a figure of only 0-2 man per megawatt for a new 
station in North America. 

M. Pimpaneau replied briefly to the discussion, and, though 
obviously handicapped by the language difficulty, adhered to 
his views about operation staff, the use of formulae for future 
planning and the theoretical efficiency of cooling-tower 
stations. 

Winding up the discussion, Mr. B. A. E. Hiley, President of 
the British Section of the Société des Ingénieurs Civils de 
France, added a few points from his own long experience of 
station construction with special reference to ash disposal 
and the protection of fish. He concluded by proposing 
a vote of thanks to M. Pimpaneau, delivered courageously in 
French. 

The meeting provided an excellent forum for the discussion 
of trends and problems ranging widely over the field of 
electricity generation. Though only moderately attended 
(probably owing to the close approach of Christmas) the 
meeting achieved more than average success and elegance 
partly by the broad interest of the subject and partly by the 
presence of distinguished visitors from both sides of the 
Channel. D. P. S. 
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NEWS from the Centres 





NORTH MIDLAND CENTRE 


Annual Dinner 


The North Midland Centre held their Annual Dinner on the 
15th November at the Queen’s Hotel, Leeds, presided over by 
Mr. A. J. Coveney. It was a very successful evening attended 
by 250 members and visitors. The toast of The Institution of 
Electrical Engineers and the North Midland Centre was 
proposed by Engineer Rear-Admiral Sir Sydney Frew, who 
referred to the benefits conferred on mankind by the triumvi- 
rate of the senior engineering institutions. He said that the 
problems of industry were getting very wide, and that the 
skill of the electrical engineer was of particular value in 
communication systems with ships and aircraft. He paid 
tribute to Sir Ambrose Fleming and his work, and stressed 
the value of education. Our President, Mr. T. E. Goldup, 
spoke of the task of kindling the fire of enthusiasm in the 
young so that in due course they would be ready to take our 
place in industry and in the ranks of The Institution. He also 
called for generous support for the Benevolent Fund. The 
toast of the guests was proposed by Mr. A. J. Coveney, who 
mentioned the custom of the Centre to arrange for an eminent 
member of the Church to be invited to join us. The Rev. 
Professor J. K. S. Reid responded, and in a very witty speech 
illustrated that scientific knowledge alone was not sufficient, 
and that the genuine and ultimate good of mankind could be 
achieved only by the marriage of technology with the 
humanistic studies and the arts. After the meal there was 
time for members to circulate and meet old friends and thus 
round off a very pleasant evening. 


Utilization Group 


At the Utilization Group meeting on the 19th November, 
with seventy members and guests present, the Chairman, 
Mr. J. L. Browell, welcomed Miss Miriam V. Griffith, who 
read a paper on Some Aspects of Heat Pump Operation in 
Great Britain with particular reference to the Shinfield Installa- 
tion. This proved to be an interesting description of an 
experimental installation and pointed to a possible expanding 
future for this type of scheme. After a rewarding discussion, 
the Chairman proposed a vote of thanks, congratulating 
Miss Griffith for her clear and concise presentation, and the 
able way in which she dealt with points raised in the discussion. 


Transistors and Radio 


The third ordinary meeting held on the 3rd December 1957 
was attended by eighty-two members, under the chairmanship 
of Mr. A. J. Coveney. A lecture was given by A. J. Briggs and 
E. Wolfendale on The use of Transistors in Radio and Tele- 
vision. The lecture dealt mainly with the application of 
transistors to portable and car radio receivers and included 
some very interesting exhibits. A film and slides were also 
shown dealing with the fundamental design of transistor 
circuits and illustrating the evaluation of an equivalent 
circuit. A vote of thanks was proposed by Mr. Coveney, who 
referred to the lecture as a happy blend of theoretical and 
commercial aspects, and said how interesting and fascinating 
it was to listen to authorities dealing so capably with their 
own particular subject. 
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A cheerful group at the North Midland Centre Annual Dinne2h | 

L. to r.: Mr. W. K. Brasher, Engineer Rear-Admiral Sir Sydney Frew TC“ 

Mr. T. E. Goldup, Councillor Bertrand Mather, The Rev. Professg Mr 
J. K. S. Reid and Mr. A. J. Coveney. of 
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District Meeting at Hull 0 the 


The second District Meeting of the session at Hull, on pad 
5th December, was the second joint meeting with the No pow | 
Midland Graduate and Student Section. The chair was takep!ctt 
by Mr. W. S. Milner, convener of the Hull District Meetingg"* of 
This was the fourth occasion on which Mr. R. S. Wignall hag 
given his paper on Project Considerations for Diesel-Elec ipshed 
Traction, which was well illustrated with lantern slides andb lectr 
examples of projects for railway schemes in all parts of th the 
world. The author very clearly showed that much detail work An 
is required in preparing a project of this type, involving i Alli 
many cases a most comprehensive study of the route of th nd § 
railway under consideration. Schemes involving standardize f Ci 
types of locomotive are not generally applicable owing iW 
marked variations between railways in different countries Routh 
such as different loading gauges or operative altitude, whicy *” 
affects both the engine and the cooling devices of the locoj":, 
motive. Following the presentation of the paper, a discussiog’™™' 
was opened by Mr. R. M. Dymond, who was joined by fivg"2"" 
other speakers, and after Mr. Wignall’s replies to the divers 
questions put forward, a vote of thanks was proposed by 
Mr. H. Myers, Chairman of the Graduate and Studen 
Section. This was carried in the usual manner. Twenty-t 
members and visitors attended. 


Social Students 

The Graduate and Student Section held their Annual 
Dance with The Institutions of Civil and of Mechai 
Engineers on the 6th December in the Leeds University 
refectory. The function was well supported and was enli 
by an entertainment provided by an excellent troupe 
the Yorkshire Electricity Board headquarters at Scarcro 
was generally voted a most successful evening. j 


Transistors and Mhos 

The fourth ordinary meeting was held on the 7th Jani 
1958, with Mr. A. J. Coveney in the chair. Ninety 
members attended to hear two papers by Colin Adamson¢ 
L. M. Wedepohl dealing with Power System Protection, 
particular reference to the Application of Junction Transist 
to Distance Relays, and A Dual-Comparator Mho-T} 
Distance Relay utilizing Transistors. Although the papers af 
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ow in their second year it was obvious from the attendance 
4 the discussion that interest has not diminished. A vote of 
ks was proposed by the Chairman, who pointed out how 
ficult it is to present highly technical papers in a clear, 
acise and interesting fashion. He congratulated the authors 
having achieved this and also complimented them on the 
y in which the extensive discussion had been dealt with. 
ce further research on the subject was proceeding, the 
an hoped that we would in due course see the authors 
in with results of their further work. Ww. J. W. 


DUTHAMPTON: SOUTHERN CENTRE 


.G. S. C. Lucas, one of the Vice-Presidents of The Institu- 

pn, was welcomed to the Southern Centre Annual Dinner 
Evening Pond Dance at the Polygon Hotel, Southampton, on the 
1al Dinner\2th December, by the Chairman, Dr. L. G. A. Sims, and by 
ydney Frey record attendance of Southern Centre members and guests. 
Vv. Profess# Mr. Lucas responded to the toast of The Institution, and 
referred to a growing need for collaboration between uni- 
_____frersity colleges, technical colleges and industry, which the 
Council considers important. The Vice-President also referred 
0 the increasing importance of the Southern Centre, which 
d developed from the Hampshire Sub-Centre and which 
ow had a membership of 1 833. He forecast that professional 
lectrical engineers would play a more decisive role in the 























was 
Meetingdie of our country. Members of our profession had achieved 
f great deal over the past few decades and were well estab- 


Jished in industry and in the universities. The great works of 
lectrical engineers in the past would certainly be surpassed 
the future. 

Among the guests were Dr. T. E. Allibone and Mrs. 
wAllibone; Mr. W. Chamberlain and Mr. I. Wilson (Chairman 
nd Secretary of the Southern Association of The Institution 
f Civil Engineers) and Mrs. Chamberlain; and Mr. D. L. 
frown and Mr. E. Blorr (Chairman and Secretary of the 
uthern Branch of The Institution of Mechanical Engineers). 
The toast of The Institution was proposed by Professor 
. I. Lucas, Deputy Vice-Chancellor of Southampton 
Jniversity, who praised the achievements of electrical 
ngineers. E. A. L. 





By courtesy of the ‘Southern Daily Echo’ 





fl. to r.: Professor and Mrs. W. I. Lucas, Dr. L. G. A. Sims, Mrs. and 
Mr. G. S. C. Lucas, and Mrs. and Dr. T. E. Allibone. 
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NEWS from Abroad 





QUEENSLAND OVERSEA COMMITTEE 


A Visitor from Sweden 


During a visit to Australia, Mr. P. Skokby, Manager of the 
Lightning Arrester and Capacitor Department, A.S.E.A., 
Sweden, addressed a meeting organized by the Queensland 
Oversea Committee and held at the University of Queensland 
on the 15th October 1957. The lecture was in two parts: 
(i) The Reduction in Insulation Levels for Extra-High-Tension 
Lines as the Result of Improvement in Lightning Arrester 
Characteristics, and (ii) Series Capacitors in their Application 
for Improvement in the Performance of Transmission Lines. 

Mr. Skokby began by outlining the fundamental charac- 
teristics of the valve-type lightning arrester, grouping them 
under characteristics relating to the protecting efficiency of 
an arrester and characteristics relating to the strength of the 
arrester. 

The discharge voltage of a lightning arrester should be as 
low as possible; 2-6 and 2-8 times the voltage rating at 
5 and 10kA respectively are now quoted. Until recently, 
discharge voltage was the prime consideration in protecting 
efficiency, but recently some attention has been given to the 
sparkover voltage. A minimum 50c/s sparkover voltage has 
always been guaranteed to avoid unnecessary operation on 
switching surges which are not dangerous to plant insulation. 
However, the sparkover voltage at 50c/s should not be too 
high because this would unduly increase the front of wave 
sparkover voltage. A factor of two is reasonable and a 
tolerance of +10% appropriate. If the gap-breakdown voltage 
is set too high, the arresters may never function. Higher 
values of the sparkover voltage are sometimes specified, but 
it is doubtful whether such a policy is correct. Recent investiga- 
tions in the United States have shown that the strength of 
transformers against switching surges is some 15-20% below 
the basic insulation level on impulse. 

Naturally, if the arresters function on switching surges, the 
duty on them will increase greatly with the voltage and line 
length, since they have to take care of the stored energy of the 
line and any capacitance installed on it. 

In commenting on the strength of the arrester itself, Mr. 
Skokby pointed out that the 100kA surge strength was a 
valuable test of the mechanical strength. It is advisable to 
have a good margin of voltage rating (i.e. reseal voltage) 
between the supply voltage across the arrester and the cut-off 
voltage, so that under the most adverse conditions the 
arrester can still reseal. Of course, this margin must not be 
too great since higher voltage rating means higher proteeting 
level. 

The discharge voltage of the heavy-duty high-voltage 
arresters is so low that the 50c/s sparkover voltage determines 
the protective level. Mr. Skokby believed therefore that it was 
of little avail trying to reduce discharge voltage further, and 
greater attention must instead be paid to the 50c/s sparkover 
voltage. The maximum figure of 2-2 times the cut-off voltage 
should never be exceeded for a good arrester, and, since such 
an arrester should have to take occasional switching surges, 
it is important that the blocks should have sufficient long- 
wave strength. For medium-duty and line-type arresters, 
where the discharge voltage is relatively much higher, 
especially at the lower distribution voltages, the discharge 
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voltage may still determine the protective level, and here any 
reduction in discharge voltage is welcome. 

With regard to the heavy-current long waves which are 
produced on high-voltage long lines owing to the restriking 
of the circuit-breaker, the modern tendency is now to have 
breakers which do not restrike repeatedly, so as to build up 
the voltage to such high values that the arresters spark over. 
This, at least, is European practice, and, although Americans 
recognize it, they state that such breakers would be too 
expensive. Agreement has not yet been reached on this point. 
Repeated restrikes at high voltages cause considerable stress 
on the transformer windings, and the restrikes should there- 
fore be avoided even if arresters are not endangered. 

Mr. Skokby illustrated special applications such as genera- 
tor protection and in conclusion he outlined recent develop- 
ments in the application of series capacitors, mainly as 
applied to voltage improvement on distribution lines. 


Christmas Luncheon 

The Institution Christmas Luncheon in Queensland took 
place last year on the 5th December at Manhattan Hotel in 
South Brisbane. Thirty-five members accepted the invitation 
to attend and took the opportunity of exchanging greetings 
and renewing associations before sitting down at the luncheon 
table. 

On this occasion the guest speaker was Professor H. C. 
Webster, Professor of Physics at the University of Queensland. 
Professor Webster is the Australian Convenor of the Inter- 
national Geophysical Year, and it was therefore most 
appropriate that he took the I.G.Y. for his subject. 

He related the sequence of events leading to the establish- 
ment of the I.G.Y. and then described the scope of investiga- 
tion which ranges through a study of the earth’s interior, 
oceanography, glaciology, meteorology and an investigation 
of the ionosphere. 

The need for continuous observations of such matters as 
temperature, pressure and cosmic radiation in the upper 
atmosphere led to the idea of launching an earth satellite, 
which, by orbiting the earth and transmitting signals, could 
relay much valuable information on the condition of the 
upper atmosphere. 

In this regard the Russians have already achieved some 
measure of success, the main disadvantage being that the 
period of signalling is limited to the life of the battery installed 
in the satellite. Once the American satellite is launched it will 
have the advantage of being equipped with a solar battery, 
which, it is anticipated, will be able to transmit signals so 
long as the satellite is orbiting. 

Mr. McCulloch proposed a vote of thanks to the speaker. 
He stated that engineers recognize the importance of physics 
in their basic training and expressed appreciation of Professor 
Webster’s top-ranking ability in the field of ionospheric 
research. Ww. I. G. 


SOUTH AUSTRALIA OVERSEA 
COMMITTEE 


Clipped Accents 

At the final technical meeting of 1957, held on the 4th October, 
Mr. A. J. H. Oxford, Chairman of the Oversea Committee for 
South Australia, gave a talk on The Transmission of Speech in 
Restricted Bandwidth. 
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Mr. Oxford introduced the subject by describin 
speech sounds are produced. With the aid of diagraj 
showed that the vocal mechanism of a human being 
relatively simple modulated-carrier transmitter, the & 
taking the form of a hiss or a buzz modulated by vocal; 
resonances. An electronic simulation of the process 
controlled by a few slowly varying signals, each req 
bandwidth of less than 20c/s. The speaker demonstrg 
resonance vowel synthesizer, in which the hiss and 
waveforms are generated electrically and the for 
modulating resonances are electrical filters. 

Mr. Oxford went on to describe the first complete ar 
synthesis system for transmitting speech over a char 
restricted bandwidth—the Vocoder. This makes use 
slowly varying nature of the speech spectrum to achik 
bandwidth reduction of approximately 10:1. Some) 
based on the Vocoder principle is being carried out @ 
Weapons Research Establishment at Salisbury & 
Australia), and Mr. Oxford played a tape recording of 
processed by a machine similar to the Vocoder, capal 
3:1 bandwidth reduction. In this equipment, speech 
quencies in the range 300-1 000c/s are transmitted diregt 
the Vocoder technique is used to transmit the upper 
1000-3 600c/s, using a noise waveform (or hiss) in p 
the upper harmonics of the larynx waveform. : 

Since the speech carrier is modulated slowly, its wa 
is repetitive over several cycles of the larynx fundag 
frequency. This fact led Dr. D. Gabor to propose a 
bandwidth compression which samples and transmits) 
every mth larynx cycle and replays each of these (nx — 1) 
The time of n cycles is thus available to transmit onl 
cycle, and a bandwidth reduction of n:1 may be ack 
This system suffers from the difficulty that, unless the sag 
is synchronized with the larynx frequency, transientg 
introduced which result in a distorted output. 

Formant coding (or the Resonance Vocoder) has 
considerable attention in recent years. Mr. Oxford des¢ 
a system developed by the Signals Research and Develo 
Establishment, pointing out that the vowel synth 
demonstrated at the beginning of the lecture belonged § 
same class. A tape of the output of the S.R.D.E. equip 
made in October 1956, was played, and it strikingly ¢ 
strated the possibilities of readable transmission wi 
remarkable bandwidth reduction of 25: 1. 

Mr. Oxford concluded by briefly describing, and p 
tapes of, the Vobanc and Phoneme Recognition § 
developed in America. 

Opening the discussion, Professor Willoughby men 
some work being carried out at the University of Adé 
based on the Vobanc principle. The equipment was de 
by Messrs. Bogner and Smith, who played tapes 4 
results achieved. 


Elections and Resignations 

At a meeting of the Oversea Committee for South Au 
held on the 30th October, Mr. Oxford was re-elected Ch 
for 1958. Mr. J. W. Harrod was elected to the office of 
Chairman, succeeding Mr. M. E. Richards, who retired 
serving in that capacity for four years. The Committe 
to place on record their warm appreciation of Mr. Rich 
enthusiastic services. Mr. G. Ellesworth and Mr. S. 
Ross were elected to fill vacancies on the Committee ¢ 
by Mr. Harrod’s election and the resignation of Mr. New 
who has recently been appointed to the Chair of Ele¢ 
Engineering in the University of Tasmania. 3.1 





